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Foreword 
This document tells the story of the development of an approach to the 
management of quality management. Not the lTIOre usual "confonnance 
to specification" version of product quality, but that of service quality. 
In telling this story two main sources have been used, cybenletic theory, 
and management practice. In telling the story is presented in a linear 
manner, which is intended to Inake it easier to follow. That is it begins 
with a problelTI, lTIOVeS to a suggested solution and ends with an 
application and reflections thereon. 
Although the project presented here did begin with the problem of 
service quality lTIanagelnent and end with the successful implementation 
of a lnanagelnent tool, the development of the model that drives the 
solution \vas circular. Not unlike the serpent eating its 0\\,11 tail the 
process of tnodel building \vas iterative, infonned by the results of earlier 
research and consultinu: interventions. Because of its circuitous route the 
'-
rl'search dr<1\\'s on a broad ranu:e of theoretical sources, sOlne tl10re 
'-
.. 
11 
obviously or directly relevant than others, but all of \\"hich sen'cd to 
enrich the understanding and applicability of the final model. 
Because the theoretical model moves from cybernetical first principles 
the practical application it informs does not exhaust its potential. The 
constraints of the research questions, and the needs of the client, used as 
the basis for the case study, delilnited the extent to which it was possible 
to comment formally on its content. 
Although it has been possible to justifiably answer the questions set, 
ahnost by necessity SOlne of the Inore esoteric elelnents of the theoretical 
Inodel relnain unproven in the strict sense. However, these elements 
provided invaluable illllsfratil'e insights and have hinted at a rich vein of 
future research, particularly in the field of computer simulation and the 
unification of science. The exploration of this potential is, ho\\c\cr, 
beyond the boundary of this project. 
The lllain practical OutC0111C of the project is a rigorous approach for the 
integrated lllana~elnent of quality and organizational effectiveness in the 
professional service sector. Such an approach has been problelnatical in 
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the past and led to the situation where service quality \\as considered tl~ 
be no different from production quality, evident in the ~'product and/or 
service" style of language adopted in the ISO literature. As I argue her\? 
(and (with Beckford) elsewhere) this approach is not tenable due to the 
fundamental differences in the manner of design, consumption and 
quality assurance between the two. And it is this that has tended to lead 
to the mechanistic approach to service quality lnanagelnent, e.g., the use 
of standard "scripts" to be followed during service events (e.g., "Have a 
. d ") nIce ay... . 
Once this understanding of sen'ice quality management was established 
it was necessary to construct an organizational model to contain it. The 
basic lnodel chosen was Beer's Viable System Model. However several 
adaptations \\"ere Inade \vhich allow for a more general, as opposed to 
strictl~T neurological, interpretation and to facilitate a more intuiti\ \? fit 
\\ith the technological platfonn on \\"hich it \vas to be ilnplelnented. 
Follo\\"ing this it \\"as a relatively Silllpk exercise to construct a databas\? 
tool for the capture and l11anipulation of data to support organizational 
activities. 
IV 
As the basis of the project was the developlnent/deriyation, through 
theory, of a practical solution to a 'liye' business probleln the burden of 
'proof lies in the application of the solution and reflection upon its 
utility. For this reason a case study is used to demonstrate the model 
which (and although it \vent through lnany fonnal and infonnal 
iterations) was 'signed off by the client. In addition, the general Inodel 
was accepted by both a professional body (as an appropriate tool for 
practice Inanagelnent) and a national standards body (as the basis for 
their auditor training). 
With this final practical \'alidation the story draws to a close. The 
practical probleln of service quality lnanagelnent has been set \vithin a 
delllonstrably rigorous theoretical fratne\vork. The fralne\vork has 
pro\'ided the basis for, and informed the design of, a managelnent tool. 
And the tool has been \'alidated in practice. 
\' 
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Chapter 1 
Introduction 
The aim of this project was to investigate the possibility of addressing 
the problelns of Inanaging quality (within the context suggested by the 
requirelnents of the International Standards Organization's (ISO) IS() 
9000 fatnily of standards) in the professional services sector. This \vas 
considered to be of interest for a nUlnber of reasons: 
the difficulties encountered by clients in the services sector 
\\hen dealing \\'ith quality Inanagelnent~ 
the apparent inability of the (then, I.e. 1994) International 
Standards Organization's qual ity Illanagelllent L SYSklTI 
requirclllcnts for sen ice pro\"iders (I S( ) 900 I : 1994): 
notification by the British Standards Institution (BSI) of the 
proposed introduction of a new set of quality management 
system requirements (ISO 9001 :2000); 
which led to the conclusion that there was both academic and 
commercial value in a formal study of the problems encountered and 
their possible solution. 
At the practical level, i.e. at the level of the design and implementation of 
quality management systems, the most obvious problem appeared to be 
that of the overt manufacturing bias of the requirements of the standard 
(i. e. ISO 9001: 1994). This led, in the client organizations visited, to 
either a disregard of formal (i.e. certifiable under ISO or similar 
standards) quality management as irrelevant to the provision of 
professional services or to nlechanistic implementations that reflected the 
practices of manufacturing organizations in controlling output quality. 
These attitudes appeared to be based on the assumptions that either the 
provision of services is irreducibly different to the manufacture of 
products, and is therefore not susceptible to formal quality control, or 
that the provision of services is exact(r the same (apart from the detail) 
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as the manufacture of products, and can be quality controlled in the same 
way. 
The research carried as the basis of this project suggests that it is possible 
to construct a general model of quality management - one that is 
applicable to both services and manufacture - but that it is necessary to 
adopt a higher level of abstraction than has been evident in, for example, 
current versions of the ISO 9000 family of standards (see BSI, 1994; 
1999a). This, it is suggested, is because there is an identifiable 
difference between service provision and manufacture, but that it is in the 
manner of their consumption rather than their creation. Physical 
products are consumed separately to their creation (and are, therefore, 
nominally susceptible to post production inspection), whereas services 
are consumed as part of their delivery. 
The emphasis on conformance in the requirements of the quality 
management standards, i.e. ISO 9001: 1994 and the comlnittee draft two 
version of ISO 9001:2000 (BSI 1994 and BSI 1999a) strongly suggests 
that there is assulned to be son1e criterion of quality that is (and, 
tllerefore, can be) established in advance of the creation of the "product 
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and/or service". However, for services, I believe this research to show 
that such criteria for quality as can be shown to exist are established as 
an integral part of the process of delivery. And that this is particularly 
evident in the case of professional services - where the 'problem' 
presented by a potential client is defined, by the service provider, In 
reference to some or other body of professional knowledge. 
Because of the adoption of the notion of conformance as the criterion for 
the assessment of quality, the processes involved in service provision can 
be seen to be more complex than those in manufacture, both numerically 
(i.e. the extra element of specification) and, in the sense suggested by 
Flood and Jackson (1991, p. 34), by way of the nature of the interactions 
between participants in the process. This "conformance to 
specification" also implies the existence of a single right answer or 
solution to the quality question 1, which it is the goal of the quality 
seeking organization to achieve. And thus the operations of the 
organization Inust be controlled to achieve this goal. 
I Tlus is not to say that the answer must be the same e\'E.'~\· time (as would. e.g .. be expected to be thc 
case in a mass manufacturing run). indeed it could alter \\ith every instance of the . problem . being set 
Of. in a social contc~1. each instance may constitute a difforent . problem . requiring a (more or less) 
individually ncgotiated solution (as would be the case in e.g .. a professional sefvice cvcnt). 
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These three elements of the 'service quality problem', i.e. complexity, a 
degree of unitarism and control led to the selection of the models of 
cybernetics as the basis of the approach to the project. In particular, 
because of their accessibility and the fact that they explicitly treat the 
possibility of 'organizational change', the "Viable System Model" of 
Beer (various) and the "Ultrastable System" suggested by Ashby (1960; 
and which forms the basis of some of Beer's work) were selected. 
Inputs 
Inputs 
Action to 
Correct 
Deviation 
Comparison 
to Goal 
System 
Feedback 
Take OfT 
Outputs 
Figure 1a: A Simple Cybernetic Model 
(adaptedfrom Shoderbek, et ai, 1990, p. 86 and Wiener, 1961, p.112). 
Corrective 
Action 
---i Specification ~I~-- Production Monitoring 
Outputs 
Figure 1 b: a Simple Representation of Quality Control 
Thus the questions asked as the basis of this research are: 
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"Is it possible to construct an effective model of quality 
management that is applicable to service quality management 
using cybernetic priciples?"; and, 
"If so, what would it look like?". 
The value this choice adds to the undertaking of this project can be seen 
in the direct comparison that is possible between the most basic of the 
cybernetic mechanisms (i.e., what Shoderbek, et a1.(1990, p. 86), call a 
"first order feedback system") and the operational view of quality control 
ilnplicit in the "conformance to requirements" approach of the ISO 
standards (i.e., BSI, 1994; 1999a), given as figures one (a and b). 
The comparability between the two models is not as trivial as it may at 
first appear, as will be come apparent in later chapters. This apparent 
utility is increased by the extension of this basic representation into 
Beer's Viable Systeln Model (VSM) which explicitly considers the form 
of the organization, and the functional provision necessary to support it, 
in relation to the design of organizations intended to achieve hUlnan 
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goals. Therefore the choice of cybernetics as the theoretical model for 
the project provides a body of knowledge sharing sufficient comlnon 
ground with the problem at hand to begin fruitful study. 
The formal adoption of a 'body of knowledge' in general as opposed to 
the adoption of cybernetics in particular brings two advantages. First, it 
provides a counterpoint to the apparently atheoretical approach 
apparently adopted by the standards designers2 and could, therefore, be 
expected to allow sensible comment on the manufacture/service divide. 
And, second, it supports the prototyping approach necessary to the 
development and implementation of novel solutions to practical 
problems. This leads, when applied to a 'practical' problem, to a 
situation (represented in figure two) where the relationship between 
theory and practice is similar to the model of professional practice" 
introduced by Dudley and Beckford (1998). In this context the 
identification or statement of a problem (or "problem situation", see 
Checkland, 1981, p. 155) which (when interpreted through the body of 
: E:\1ended contact with persons invoh·ed in the drafting of the current (CD2) vcrsion of ISO 
9001 :2000 has given the VCr)' strong imprcssion that a 'pragmatic' approach. dcpendcnt morc on past 
expericncc and 'expert opinion' as to "what quality management is" has driven development. This 
may explain tJle absence of reflectivc considcration of the issucs surrounding servicc provision and the 
possible differenccs between sen'ice and manufacture leading to some of the potential failings of the 
standard. 
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knowledge) drives the creation of a model of the situation (also infonned 
by the body of knowledge) to be used for its 'solution'. The model is, in 
effect, tested in its application to the situation and either modified or 
validated as a result and, when a satisfactory 'solution' is achieved the 
model can be said to be valid. 
Body 
Of 14~~----------~ 
Knowledge 
I • 
Interprets Informs Is Specific 
Validates 
Application 
OflExtends 
Creation Of Application Of 
Problem ~ Drives Model 
Modifies/ 
Validates 
Drives -+ Application 
Figure 2: The Relationship of Theory to Practice 
Thus the model can be seen to represent a specific application of the 
body of knowledge to a specific "problem situation". And the extent to 
which it is 'successful' can also be seen, by association, to be a 
confirmation of the validity of the wider body of knowledge in 
application to that situation. Where the model represents a novel 
utilization of the body of knowledge (or where the "problem 
situation"/application is outside the accepted domain of the body of 
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knowledge) a valid application (defined as above) can be said to extend 
its legitimate domain of application. 
As can be seen from figure two, the validation of the model (and 
therefore the legitimation of the application of the body of knowledge) 
lies in practice (i.e. the provision of a successful 'solution'). And the 
eventual acceptance or rejection of the 'solution' arrived at in the 
application of them model rests in the hands of the owner of the problem 
situation, which provides the basis of Ulrich's (1981) "Critique of 
Cybernetic Reason" (discussed later in this chapter). 
By adopting cybernetic theory (along with a number of apparently 
related theories and disciplines) as the body of knowledge and Beer's 
"Viable System Model" as the base model to infonn the project, figure 
two becomes figure three. And the project, although originally 
conceived (and implemented) as the design of a 'solution' to a particular 
practical 'probleITI' becomes a de Jacto examination of the validity of 
both the VSM and cybernetic principles to the area of service quality 
management. 
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Interprets 
." 
Service 
Quality 
Management 
I-
Cybernetics , ...... t---------., 
I + 
Informs Is Specific 
Validates 
Application 
OflExtends 
Creation Of Application Of 
Assessed 
Through 
Viable 
System 
Model 
Modifies! 
Validates 
Implemented .. 
At 
Zubnich 
Dental 
Practice 
Figure 3: Using the VSM at ZlIbnich 
The outcome of rendering the validity of the selected model, and its more 
general body of theory, contingent upon the 'success' of the 'solution' 
(however this may be defined) presents the process of enquiry with two 
legitimate options should the model not be validated in application. The 
first is to declare the model and/or the body of knowledge inappropriate 
to the area of enquiry - in effect to declare that the problem lies outside 
its legitimate domain. And the second is to modify the model - which 
is allowed for within the rubric represented by the diagrams - in order 
to allow it to Inore closely approximate an acceptable 'solution'. As the 
primary aim of the project was the design of a 'solution' rather than a 
'test of the theory' the second of these approaches was chosen. Thus the 
'pure' form of the VSM (i.e. the one proposed by Beer) and, to some 
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extent, the relevant domain of cybernetics became provisional In the 
context of the project. 
Even after allowing the selected model to be contingent the application 
of cybernetics to social groupings is problematic. From its inception the 
unreflected or malicious application of the principles (derived from 
observation and simulation of natural and mechanical systems) to the 
social arena was considered to have dangers. Norbert Wiener 
(considered to be amongst the founding fathers of the discipline), for 
example in his The Human Use of Human Beings (1959) warns of the 
outcomes of the lnisapplication (i.e. the socially irresponsible or despotic 
use) of cybernetic ideas as does Beer3 in Designing Freedom (1974) and 
Beyond Dispute (1994). Beyond this, Ulrich (1981), in his Critique of 
Pure Cybernetic Reason questions the limits of cybernetics in dealing 
with "practical reason" in the Kantian sense. Criticizing what he calls the 
"[ substitution of] intrinsic control for intrinsic motivation" (ibid, brackets 
added) he (rightly I think, in the context of the commentaries from both 
Wiener and Beer) alleges that (in the social arena4) cybernetics contains 
3 Implicitly in these cases. as the emphasis seems to be on the design of structures to prevent the 
subversion of socially desirable ideals. 
-I There is a degree of arrogance in the assumption that the reliance on "extrinsic motivation" 
characteristic of the biological world that Ulrich describes as characteristic of the cybernetic 
1 1 
no intrinsic protection against socially undesirable application, and as 
such becomes " ... mere tool design" serving ends determined by" 
acts of belief on the part of political decision makers" (ibid). 
As it was conducted, the case study used in this project too is "mere tool 
design" - intended to provide a theoretically justifiable machine for the 
control of quality in the host organization. As such it assumed an (at 
least tacit) acceptance on the part of the other (i.e., non-owner) members 
of the organization, i.e. those that are "affected but not involved" of the 
legitimacy of the need to maintain and/or improve the quality of the 
output5. 
There is a certain irony, then, in the recognition that it is the very: 
" ... contexts of meaning [ which] are the basis of sensible orientation or 
selectivity vis-a vis a complex world, they represent a desirable kind 
of variety that is not to be reduced or 'destroyed', but rather to be 
maintained and interpreted as a potential source of new selections" 
(Ulrich, 1981, brackets added). 
paradigm. places Wljustifiable constraints on tlle social which seems to imply that We simple presence 
of a volitional Cc1pacity is sufficient to de-legitimate non-social control of social activity 
~ This is the question of problem ownership referred to earlier in this chapter. 
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which Ulrich considers to be beyond the legitimate scope of cybernetics 
because of the ''- ... one-dimensionality oj'its implicit rat ionality criterion~' 
(ibid, and which he uses as the basis of his critique) is a direct parallel of 
the logic that underlies the suggested model of professional cOlnpetence. 
And, as such forms the basis of the variety management approach 
utilized in the ( avowedly cybernetic) model6 proposed in this doclllnent. 
Here it is also appropriate to address the definition of quality used in this 
project - because it is different from that generally applied in the 
quality literature and sumlnarized by Flood (1993) in the first two of his 
ten quality principles: 
"There must be agreed requirements for both internal and external 
customers ... 
Customer's requirements must be met first time, every time ... " ibid, 
pp. 123/4). 
The difficuhy with services is that these requirements, except in the Inost 
general tenns. are subjective. Thus the definition of (Juality used 
Ihis may. of course be a consequcncc of Ulrich's (along \\ith othcr commcntators) usc of thc 
"picturesquc" statement of Ashby's law that "only "ariety c<1O desfrl~\' \ancty" (Ashby. 196~. p. 202. 
italtcs added). SUL'CCssful control (as IS argued ad nauseam elsewhere 10 this document) rdics on the 
t'lflll\'alence rather than the rt'mm'ol of relemnt \ arictics 
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throughout this project is a function of the perception of the sery\ce 
receiver. Quality is good if the client perceives and eyaluates it as such. 
This problematizes the 'agreemenf of requirements in adyance and 
emphasizes the skill of the service provider in determining the correct 
(i.e. high quality) approach to the clients' probleIn(s) (see Dudley and 
Beckford, 1998 for a full discussion) by necessitating that requirements 
are negotiated as an integral part of the service delivery event. Of course 
this, in its tum, problematizes Flood's "first time, every time" principle. 
leading to even more emphasis on the skill of the service provider and 
the need for active management of the provision and availability of that 
skill. As these ~advance specifications' constitute a fundamental element 
of the models proposed in the quality literature (see, e.g. Beckford, 1998 
or Flood, 1993 for a full review) a conscious decision was made to 
construct the model proposed here from cybernetic first principles, thus 
largely excluding previous writers from detailed consideration. 
A final point, In the context of the above discussion, is the use of 
tnatheInat ical and/or physical tnodels (chapters fiye to eight). Their 
inclusion and consideration as part of this project /s !lO/ Intended 10 
sliggesl that hUlnan organizations or social f:,'Toupings operate in this \vay. 
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Such models are used to illuminate the consideration of the dynamics of 
organizations in a manner similar to that of Parker and Stacey ( 199.t) in 
that they: 
" might give us a deeper insight into how human organisations 
function ... [because] (w)e can certainly do with all the new insights 
we can get, bearing in mind how difficult managers seem to find it to 
design and sustain creative organisations ... " (ibid, pp. 11/2, brackets 
added). 
Thus, at the most, the aIm was to discover analogical patterns of 
'behaviour' for which models already existed with a vie\\" to theln 
informing possible behaviours (and the tnechanislns that facilitate them). 
These models suggested pre-application tnodifications to the pure fonn 
of the VSM (which were added to in an iterative fashion during 
itnplelnentation), and led to the creation of the interpretation used in the 
abstract Inodel developed in chapter eight. However, the examples, and 
the language, borrowed froln the "hard sciences' can be no Inore than 
illu.\'/ra/I\'c when used in the context of the human organization or social 
grouping. They Inay have more fonnal utility in the field of autolnatic 
cOlnputer simulation of adaptive and/or learning systenls, but even then 
will reillain ""Inodels", the utility of \vhich, as Beer underlines in the 
statetnent: 
I :' 
Part 1 
Part one (chapters two to four) introduces the project in the context of the 
client group, exploring the problems faced by firms attempting to 
manage service provision quality, reviewing the standard to which they 
were seeking certification and presenting a 'first cut' version of a 
suggested solution. 
Chapter two identifies the core problem of designing and implementing 
quality management systems in the services sector as one centered 
around an inability to grasp the nature of the industry they intend to 
serve. That is, an inability to conceptualize, and, therefore to control the 
skills based characteristics of service provision. By implication this 
statelnent of the problem also forms a critique of the reductionist 
approaches to quality Inanagement in general - those which follow in 
the tradition of the "scientific management" movement and its tendency 
to alienating and deskilling task and role specifications. 
Chapter three presents a description of and commentary on the contents 
of ISO/CD2 9001:2000 and the titnetable for its implementation as a full 
international standard for the design and implementation of quality 
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management systems. Although it was not the intention, in this chapter 
to develop any form of detailed critique (that being the subject of the 
next chapter) references were made to areas where problems or 
weaknesses have been apparent in either the content, conceptual bases or 
in the promotion or dissemination of information relating to the standard 
or its implementation. 
Chapter four undertakes a more critical review of the contents of the 
standard. This was then taken forward into a more detailed proposal of a 
model that is nominally capable of both satisfying the formal 
requirelnents of the standard, based on Ashby's "ultrastable system" and 
Beer's "viable system model". The mapping of the general elements of 
the standard onto the VSM demonstrate that it is feasible to attempt to 
design and build compliant quality management systems (i.e. which 
satisfy the requirements of the standards) based on these systems 
approaches to organizations. 
Part 2 
Part two develops the theoretical model used in the project using insights 
available frOtTI the mathematical, biological and physical worlds. It is 
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here in particular that the earlier comments regarding analogical and 
illustrative use have relevance. 
Chapter five introduces some of the early influences on my thinking, 
i.e., those that led to the construction of the prototype of the model 
eventually proposed. As before, the chapter assumes the basic validity of 
the principles of cybernetics, and that they have a general applicability 
- whether formal or simply illustrative or heuristic. 
Chapter six introduces four models of change (i.e. Darwinian natural 
selection, Kimura's neutral drift theory, Lamarckian inheritance of 
acquired characteristics and Bogdanov's podbor) that have, at different 
times and with differing degrees of (scientific) success, been applied to 
explain evolutionary change in biological systems. All, however, have 
potential utility in the design and investigation of organizations and of 
tnachines to simulate thetn. 
Chapter seven introduces the last element of the rnodel in isolation, the 
idea of the eigen-system, which was proposed as a stnlctllre for 
integrating the tools and models of change intodllced in chapters five and 
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SIX and the requirements necessary for systems to be regarded as 
adaptive. 
Chapter eight proposes a re-interpretation of the Viable System Model 
based on the explicit inclusion of a physical element alongside the 
informational elements defined by Beer. This re-interpretation is 
informed by the mathematical models discussed in chapter five and the 
notion of the "eigen-system", a self creating entity based in the 
mathematics of quantum physics. 
Part 3 
Part three considers the application of the model developed in part two to 
the management of human organizations through the vehicle of a case-
study of the Zubnich Dental Practice. Since beginning 'writing up' this 
project further credence has been added to the belief in the generality of 
the model by its acceptance as the core theory for the auditor training 
programtne of the Hong Kong Quality Assurance Agency (HKQAA is 
the Hong Kong National Standards body largely equivalent to the BSI). 
A developed fonn of the database model (i.e., one which includes the 
effectiveness Inanagelnent and patient record modules) is under detailed 
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review by the Hong Kong Dentists Association with a view to 
developing a small practice management system for its members. 
Chapter . nIne attempts to demonstrate how the adaptive model, 
completed in chapter eight, is able to fulfil the general requirements of 
ISO 9001 :2000 and the principles of the guidance contained in ISO 
9004 :2000 as both stood as at CD2. This was achieved by taking the 
major clauses of ISO 9001:2000 and the associated guidance from ISO 
9004 :2000 as the base structure and considering the extent to which the 
elements of the model suggested were able to support them. 
Chapter ten begins the case study analysis of the Zubnich dental 
practice, considering the extent to which the model (from chapter eight) 
provides the basis for "effectiveness management". This was thought to 
be necessary because of the interaction between business survival and 
developtnent and the adaptive Inaintenance of quality provision. 
Chapter eleven details the tnodel of quality assurance and control (based 
on the abstract model developed in chapter eight) itnplemented at the 
Zubnich Dental Practice and includes the data structures, search 
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procedures and decision points used to support it. The guiding principle 
was that quality at Zubnich, as a professional service provider, was 
dependent upon the skills of the individual professional clinical 
personnel. And therefore that in order to manage the quality of the 
service provided to patients it was necessary (with the exception of 
punctuality and the duration of treatments) for Zubnich to be able to 
monitor and manage the skills available to the practice. 
Chapter twelve begins with a reVIew of the method used and then 
presents the findings of the project as a whole. The review of method 
expands the detail of the process of this research. The findings of the 
project are discussed in terms of the extent to which the project can be 
considered a practical success, the theoretical considerations arising 
from this success (i.e., the extent to which the outcomes of the case study 
support the abstract model). And also identifies those areas where 
elements of the model, although not formally supported by the case 
study, merit further study and may be expected to provide practical 
and/or academic value. This section also examines the research 
questions, as originally asked, and the extent to which they have been 
answered by the research. 
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able to do this it was necessary to enforce standards of design and 
manufacture that ensured that British manufactured ammunition would 
work in American manufactured frrearms, etc., etc.. In more general 
terms, there was a need to ensure that remotely designed and 
manufactured components and semi-manufactures could be assembled 
into functional finished products. 
The growth in material wealth that was brought about in westem( ized) 
nations, and the very existence of the mass market/mass production 
economies they have developed since the end of world war two, can be 
directly related to the DEF STAN approach to production. Conformance 
to requirements makes the car you drive and the refrigerator that chills 
your food and drinks possible. 
However economies mature and move on, and however much we may 
now be reliant on the principles of mass manufacture and confonnance to 
specification the fact is that more than seventy percent (in money terms) 
of all organizations in mature economies are service providers. Even a 
cursory reading of BS EN ISO 9001:1994 and its related falnily of 
standards will show that they are far from sympathetic to service quality. 
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In a manner which parallels past experience in manufacturing, recent 
years have brought about an increasing pressure on the service sector to 
address issues of provision quality. However this drive to improve 
quality, which had varying degrees of success in the manufacturing 
sector, seems to have been even less so in the provision of services. 
There are two basic reasons for this: 
The definition of "quality". Quality has been described in the 
literature (see, e.g., Beckford, 1998 for a review) as confonnance 
to specification or fitness for (some assumedly pre-specified) 
purpose. Because of this, quality is often equated with 
standardization. Hence the level of quality is perceived as the 
inverse measure of deviation from a specification, rather than the 
warm rosy glow of the experience of a good thing. 
The fact that services are different. There is often no tangible 
product as the result of a service. Service, and therefore service 
quality, is an emergent property of the process of its provision. 
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The interaction of these points has perhaps driven the proliferation of 
paper based "quality systems" for the control of service quality which are 
unusable. The attempt to capture the richness of service provision in 
flow-chart format makes them so large and complex as to be 
unintelligible. The fact is that no self-consistent system can completely 
capture all such complexity (see Godel's incompleteness theorems, see 
Wang, 1996 for a detailed exposition), and so they are incapable of 
achieving the purpose for which they were designed. Thus such quality 
management systems are, by their own accepted definition poor quality. 
What is needed is a re-conceptualization of quality and quality 
Inanagelnent appropriate to the professional service sector in order to 
allow the design and implementation of effective and manageable 
quality management systems for professional service providers. 
Effective, in this context, means that it will provide the information 
necessary for the maintenance and improvement of service quality. 
Manageable Ineans, quite simply, (relatively) small. 
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The philosophy underlying the approach stems from the definition of 
professional, given below, and the fundamental belief that the 
complexities of quality provision and its improvement cannot be 
modelled in a once and for all manner. Therefore the traditional, 
documented procedure, approach to quality management is pre-destined 
to failure in the service sector and, increasingly given the bundling of 
services and products, in the manufacturing sector. 
In order to be effective, any system designed to maintain professional 
service quality lnust address not only the nature of professionalism, but 
must use this nature to provide robustness in practice and embed it in a 
structure both sensitive and intelligent enough to learn. 
In addition it lnust be small enough to be willingly used, and transparent 
enough to be understood (at least in principle), by those who use it and 
manage it. 
Although it is accepted that ideal type organizations (i.e. either totally 
service or totally manufacture) do not exist, it will become clear that, at 
the level of implelnentation, they are considered to be different. This 
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difference arises from the methods by which the quality of their acti\ ities 
can be assessed and controlled. Here I shall state briefly why and how 
the proposed approach differentiates between manufacture and service 
provision and how this differentiation relates to quality management 
standards. In a later chapter I shall introduce the approach to the 
management of service quality - expanding the characteristics of 
services and service provision as I perceive them to be. 
In manufacture the skills of the operators that carry out the processes 
which create the product form a meta-structure around the operation of 
the process. In service provision, on the other hand, the utilization of 
these skills is the product. 
Because of this it is suggested that all services can be treated as "special 
processes" in the sense of ISO 9001, i.e., processes where: 
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" ... the results ... cannot be fully verified by subsequent inspection and 
testing of the product and where, for example ... deficiencies may 
become apparent only after the product is in use ... " (BSI, 1994, p. 7)1. 
Further, that formal quality assurance (rather than control) can be 
achieved by recognizing this and treating them as such. 
Services are delivered by people, therefore process control in the context 
of service provision is the control of the behaviour of the people 
providing the service. How? Assuming (as a minimum) the absence of 
malice, appropriate behaviour (i.e. behaviour which is likely to achieve 
the purpose of the service being provided in the first place) is assured by 
ensuring that the provider of the service has the skills, knowledge and 
cOlnpetence necessary to the provision of the service. 
Services are also delivered to people, and they (especially clients, 
patients, passengers, customers) vary, therefore no two service provision 
events can ever the same. Even assuming (the impossible situation) that 
the education of different service providers ensures that they are 
lOne should note in this quotation the evident manufacturing bias. However. if the word "product" is 
replaced with Ole word "outcome" it is apparent how the conclusion that services arc. or arc comprised 
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consistent in approach there will be as many variations on a single 
service as there are recipients (victims?), and this is why the complexities 
of service provision arise. 
It is the potential variety of the situations that arise in service provision 
which, of necessity, defeat the mechanistic approach to quality 
management. It is not possible to model all possible situations in 
advance, therefore it is not possible to specify all activities and solutions 
in advance. Therefore it is not possible to chart the process fully in 
advance - not even with charts a mile long - and it is the very attempt 
that creates the bureaucracy. 
This impossibility is a consequence of Godelian incompleteness theory 
and an extension of Ashby's "Law of Requisite Variety" (Ashby, 1964, 
pp. 202 ff.) that states that only variety can overcome variety. In other 
words, a complex situation becomes uncontrollable when it becomes 
more complex than the n1echanism used to control it. Hence robustness 
in the delivery of service quality (i.e. the control of the service process) 
cannot be achieved using mechanistic approaches as the machines (real 
of. special processes was arrived at (see also Dudley and Beckford 1998). 
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or otherwise) we are able to design are necessarily less complex that the 
situations they are designed to control (i.e. social interaction). 
The Service Quality Problem 
The Problem §1 
Standardization, in the literal sense of conformance to standard, is a 
notion that is easily applicable to the assessment of a tangible product. It 
has grown as an integral part of the development of mass production and 
the derived need to manufacture complex items from components 
themselves (potentially) manufactured remotely. 
Because it persists in a tangible form, independent of the process used to 
create it, a product can (within limits2) be described in terms of its critical 
characteristics in advance of its creation. "Critical characteristics" being 
those defined as affecting the performance of the product. This allows 
the extensional characteristics of the product to be objectively measured 
i.e., it has these dilnensions, this volume, that weight or density. 
Products specified in this way can be quality controlled by means of 
~ Nb. that tllC aesthetics and ethics and/or morality of the manufacture of a particular product are 
considered to be beyond the realm of "specification" for the purposes of this part of thc argwnent 
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inspection, i.e., "Do they have those dimensions, that volume, that weight 
or density?". 
The process of the assembly of components produced in isolation, for 
example, brings, the need for standardization. Significant variation in the 
size of the components will cause them not to fit together. In this case 
standardization is used to ensure commonality of size (usually within 
stated tolerances). The notion of measurement can be extended to the 
determination of all performance characteristics of the item in question 
that are dependent on the physical properties of that item, e.g. 
item a must weigh) units 
item f3 must have k tensile strength 
itelTI Z must have I melting point 
item b'must have m electrical conductivity 
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item 8 must be capable of processing n logical instructions per 
second 
item ¢ must provide p calorific value 
The logical extension of this approach is that, assuming that you can state 
fully the performance requirements of the item, it is possible to specify it 
in its entirety. The major advantage of this is that it provides a 
parsimonious statement of the desired characteristics of the item. That is, 
only those elements that relate to the ability of the item to perform the 
task/role assigned to it are taken into account in its design and 
production. This is obviously a highly desirable state of affairs assuming 
that the relTIoval of extraneous detail contributes to the effiCient delivery 
of an item that conforms to performance requirements. 
However the manufacture of a physical product and the provision of a 
service have a fundamental difference in that, at the end of its 
manufacture, a product takes on an existence of its own, whereas a 
service is an emergent property of the process of its delivery. 
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The recent "Committee Draft 2" re-statement of ISO 9001 (BSI, 1999a) 
and its sister standard ISO CD2 9004:2000 (BSI 1999b), which place 
more emphasis on process control approaches, and Investors in People 
(lIP) type standards which emphasize organizational development, 
represent early attempts at the formal assurance of service quality but 
they have yet to be formally integrated within a coherent theoretical 
framework. Because of this, formal recognition of a skills based 
approach (and, consequently, manageable quality management systems 
in the service sector) have remained problematic. 
The quality of a service cannot be assessed by how thick, how long, or 
how heavy it is. No matter how fast or intelligent our machines become 
it is unlikely that they will be able to assess an intangible characteristic in 
the same way that they can assess a tangible object. Service, and by 
extension service quality, is a people issue. 
Developing the managerial capacity to deal with this insight requires a 
new insight into the management of quality, a robust and adaptive model 
of organization - i.e., one capable of responding to the detnands of 
internal and external stimuli including those of established quality 
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management standards where appropriate (developed in chapters three 
and four) - and, for anything but the simplest (smallest?) organization., 
an effective information system to facilitate its administration. 
The Problem §2 
profession (noun) 
a vocation or calling, especially one 
that involves some branch of 
advanced learning or science. 
Concise Oxford Dictionary 
Taking the dictionary definition of a "profession" (given above) it can 
readily be seen that the problem with the active implementation of 
service quality management resides in an unreflected attempt at the 
mechanization of the process. It is the attempt to reduce the professional 
ability (i.e. skill) of the provider in their interpretation of the body of 
professional knowledge in active consultation with their client to a pre-
determined and linear process that contravenes the "law of requisite 
variety". The pro.{essions are skilled - any attempt at quality 
Inanagement must recognize this, and treat them as such. 
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The idea of using skills to assure quality is not new (consider the 
medieval craft guilds), even amongst the quality community. There is a 
section in the ISO 9000 family of standards which relates to what it calls 
"special processes" (see Hoyle, 1994, p. 293, BSI, 1994, p. 7), processes 
where the quality of the output is not susceptible to assurance through 
normal methods of inspection (see extract above). From Hoyle's 
statement that: 
"Among such processes are welding, soldering, adhesive bonding, 
casting, forging, forming, heat treatment, protective treatments and 
inspection and test techniques such as X-ray examination, ultrasonics, 
environmental tests and mechanical stress tests." (Hoyle, 1994, p. 
293). 
It can be deduced that the emphasis inferred by the commentators on the 
standard, if not the authors of the standard themselves remained firmly in 
the manufacture and physical provision sector. However in the following 
section, where Hoyle (1994, p. 294) discusses the "qualification of 
processes" and in the standard itself there is an explicit requirement that 
these special processes" ... shall be carried out by qualified operators ..... 
(BSI 1994, p. 7) there is an explicit reference to the utilization of skill or 
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competence on the part of those people engaged in the operation of the 
process. 
Medieval (and more recent) craftsmen were "skilled" - their skill lay in 
an understanding of the materials they were working with (rather than 
on), the techniques they used and an ability to recognize when things 
were right. This rightness was not defined in terms of conformance to a 
measurable standard but, rather, in terms of balance or fit or some 
aesthetic. Because of this it was inaccessible to those outside the guild 
and, therefore, beyond their control. 
Silnilariy, the established professions, to the extent that they retain 
control of the body of knowledge and right of admission, continue in the 
craft tradition. It is only relatively recently, with the rise of corporate 
provision of professional services, that the need for a separate managerial 
function was felt. This rise in external managerial control, allied to 
increasing governmental intervention in the enforcement of professional 
standards can be expected to lead to a quality frenzy similar to that 
experienced in tnanufacturing. 
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Paradoxically, perhaps, this rush can be expected to drive down the 
perceived levels of quality delivered. This is because the move away 
from individual responsibility based on professional ability and towards 
managerial control of professional performance removes the capacity for 
process control from the quality loop (and this, ironically, at a time when 
manufacturing seems to be moving towards more active process control). 
When viewed in the context of the progressive mechanization of the 
work process in the broad sense3 the development of quality management 
for the professions can be seen as a natural extension of the 
mechanization of the production process. The relocation of control of the 
point of professional contact will, in a manner similar to that experienced 
in craft production also remove an integral unit of quality control 
necessitating the imposition of an external unit of control on the process. 
One which can operate only after the event. 
Whilst the effects of this displacement of control have been alneliorated 
by advances in technology in the field of mass production such 
approaches are not readily available to the professions. Therefore it is 
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not surpnslng that the development and implementation of quality 
management systems for professional services providers has a troubled 
history. 
The Characteristics of a Solution 
It should be apparent from the previous discussion that the key to the 
problem (and therefore the primary assumption of the research into a 
model for a solution) is that quality in services provision is necessarily 
skill based. And that the disregard of (or inability to conceptualize) this 
evident in the standards (and from previous consulting interventions) 
leads (of theoretical necessity) to the difficulties mentioned. What is 
more, experience gleaned during earlier interventions suggests that the 
more effective the mechanization of the process becomes the more likely 
and the ITIOre entrenched does a culture of minimal performance. This 
experience is repeated at the corporate level where companies seek 
accreditation to the various standards as a marketing device rather than 
through any 'real' commitment to the delivery or improvement of 
quality. 
) That is the reduction of complex 'craft' processes to minimal and highly specified tasks (sec. e.g. the 
work of Taylor, 1911: Fayol. 1916 and. for the counter positioll 
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This is not to say, however, that there is no element of servIce 
performance that is susceptible to formal measurement; only that the 
quality of service delivered (rather than the administration of its delivery) 
is a function of the skill of the service deliverers. Indeed, to operate 
effectively in the identification, delivery and improvement of quality, the 
skills based approach needs to be an integral part of a system of 
monitoring, control and improvement (defined in operational and 
normative modes) of the performance of the whole organization. 
Figure one introduces, in outline, an integrated model for the 
management of quality and organizational effectiveness. This model is a 
simplification (designed by 1. Beckford and given here for reasons of 
clarity) of a more detailed model (given as appendix three) that illustrates 
the elements and structure of a generic model for the implementation and 
ongoing maintenance of a quality management system. The model is 
explicitly based on the principles of the "ultrastable system" introduced 
by Ashby (1960, pp. 80 - 99) and Beer's "3-4-5" homeostat (in his 
definition of the Viable System Model, e.g, 1979; 1981 ~ 1985) of which 
it fonns the basis, and as such is entirely consistent with the research 
Brd\'cnnan. 1974). 
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aims set out in the introduction. In later chapters the formal derivation of 
the model is developed in relation to theory, the results of the case study 
based research carried out and the formal requirements of the 
forthcoming revision to the IS09000 family of quality management 
standards (expected to be published in late 2000). 
One should note, in relation to the diagram, that its operation is circular, 
i.e. there is no explicit start point. The entry point to this particular 
element of the organization is through the business performance, 
appraisal and planning processes (i.e. those parts of the organization that 
Beer (1981) calls normative and that parallel Ashby's "essential 
variables" (1960, p. 42) and labelled "Business Performance"). Thus, 
the quality management system defined in this model is driven directly 
by business objectives which are, presumably, set in reference to past 
performance, current market conditions, regulatory and/or statutory 
constraints and organizational objectives/desires for future performance. 
As is ilnplicit in both Ashby's and Beer's work the outcomes of this area 
of organizational activity are responsible for both the values applied 
within the organization to the assessment and evaluation of 
organizational performance and capable of change in relation to changes 
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in business needs in a manner that improves the potential of overall 
business performance. 
The business performance appraisal and planning processes contain an 
implicit statement of the identity of the organization - and this identity 
will impact not only the value set applied but the shape and operation of 
the processes, people and skills used to produce or deliver the outputs the 
organization creates. In short it is the what the organization is that 
makes possible, and makes sense of, what the organization does. 
By underpinning the appraisal and planning processes (located in the box 
labelled "Strategy Formulation" in the upper left hand corner of the 
diagram) the identity created by the business performance appraisal 
process provides the context for organizational activity and, by extension, 
defines what is and is not considered to be quality. It is also the location 
of the potential for organizational change. 
The cluster of activities to the centre of the diagram illustrate the tight 
coupling of the quality rnanagement system to business goals (via 
"Corporate Review~') considered necessary if the quality managernent 
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system IS to adapt and support ongoing quality prOVISIon. However 
where this model is thought to be superior, to for example, the "Business 
Excellence Model" used as a basis for the fonnulation implicit in the ISO 
standard, is in the explicit differentiation between mechanistic qual ily 
control and an adaptive ability or skill based quality assurance. 
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Figure 1 :An Integrated Model 
The lower section of the diagram IS concerned with historical 
performance measurement - a method that IS widely used In 
manufacture and IS applicable to the routine elements of servIce 
provIsIon. Here (in service provision and manufacture) the emphasis is 
on contracted perfonnance e.g. meeting deadlines, operating \\'ithin 
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turnaround times or numbers processed. It is, in short, the basis of the 
traditional quality management loop which, although it is crucial to good 
operations management, is insufficient to the task of ensuring the quality 
of service provision in the non-mechanistic, intuitive sense. 
The upper left section of the diagram deals explicitly with the 
development and maintenance of what I, in common with the ISO 9000 
standard CBSI, 1994), have called the "special processes" and the ability 
to carry them out. 
Returning to the earlier extract, the special processes are those: 
"Where the results ... cannot be fully verified by subsequent inspection 
and testing of the product and where, for example ... deficiencies may 
become apparent only after the product is in use ... " (BSI, 1994, p. 7). 
As an elnergent property of the process of its delivery, a service is the 
archetypal special process. It is not, by definition, possible to place an 
inspection or test capacity between its production and the end user. In 
sOlne cases such as, e.g. architecture, the outcomes nlay be technically 
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sound but aesthetically unsatisfactory, and so, even in use it may not be 
possible to define an objective performance standard. 
Although it is impossible to protect totally against the subjective (e.g. the 
aesthetic, moral or ethical) measures of perfonnance, it is reasonable to 
assume that exposure to technical and! or contractual risks in situations 
such as these can be minimized. Again the ISO 9000 standard provides a 
clue: 
" ... the processes shall be carried out by qualified operators ... " (BSI, 
1994, p. 7). 
In the established professions, quality of service has historically been 
assured by virtue of the same approach. "Operators" became "qualified" 
through gaining and demonstrating some minimal mastery over the body 
of knowledge necessary for admission. Following admission, the code of 
ethics of the professional body4, and the requirement that the admittee 
.. Note that in. e.g.. law and medicine membership of. and a certificate to practice from. the 
professional body is a legal requirement if one is to practice. 
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will continue to develop hislher mastery of the fields, was assumed to 
ensure both technical currency and social responsibility. 
Any corporatist trend in the professions (i.e., any trend toward large 
practices with increasingly specialized sub-units or departments) can 
(and does, as the consideration of the ISO standard used in this research 
reveals) be expected therefore (if it parallels recent industrial history) to 
necessitate a formalization of quality control capability similar to the 
approaches of e.g., Taylor or Fayol, in order to bring about managerial 
control. As was pointed out earlier this can be expected to lead to similar 
problems as the move to factory based mass production in manufacture. 
As I (with Beckford) have argued elsewhere (Dudley and Beckford, 
1999), the mechanistic approach to service quality management is not 
tenable. Such methods violate the "Law of Requisite Variety" (Ashby, 
1964, pp. 202 ffn), provide no basis for the provision of "Ultrastability" 
(Ashby, 1960, pp. 80 ff.) and disregard the necessity of redundancy. The 
un reflected drive for efficiency inherent in current quality management 
approaches cOlnprolnises any chance of sustainable efJectivene.\'s at the 
~ This is often seen as "continuing professional development" (CPD) expressed as a need for a fixed 
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level of the organization. Hence the fact that service quality management 
systems are, generally, either service administration quality management 
systems, unsuccessful or both. 
The model proposed in figure one overcomes the limitations of the 
mechanistic approaches by linking the quality management system 
directly to the business direction of the organization. New business 
directions necessitate new procedures and performance measures (the 
bottom half of the diagram) which create new information for inclusion 
in the next planning cycle. New business directions also create new skills 
needs or the necessity for different skills mixes. 
By capturing the skills held by members of the organization (through, 
e.g., the appraisal process) and feeding this infonnation into the "this 
year's skills needs" calculations it is possible to build a picture of 
organizational ability that identifies development needs in direct relation 
to business objectives. Thus the organization develops an adaptive skills 
and knowledge management capacity. 
nWllbcr of hours training per year dependent on the role and length of experience of the individual in 
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Taking the model a step further, i.e., identifying the "skills needed this 
period" in terms of those needed to carry out the tasks and roles stated as 
necessary to the business plan (i.e. by "qualifying" the tasks). It is now 
possible to build a quality assurance model based on the notion of the 
"special processes". By constructing a database of the tasks necessary to 
the organization, and the skills or knowledge necessary to the tasks, and a 
parallel database which records the skills and knowledge held by 
members of the organization it is possible to demonstrate that the 
processes are carried out by qualified operators. 
Summary 
This chapter has identified the core problem of designing and 
implelnenting quality management systems in the services sector as one 
centered around an inability to grasp the nature of the industry they 
intend to serve. That is, an inability to conceptualize, and, therefore to 
control the skills based characteristics of service provision. By 
implication this statement of the problem also forms a critique of the 
reductionist approaches to quality management in general - those which 
question. 
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follow in the tradition of the "scientific management" movement and its 
tendency to alienating and deskilling task and role specifications. 
The central assertion of the chapter is that there is an inherent 
combinative factor in the provision of services. This ensures that, for all 
intents and purposes, each service provision event is unique and, 
therefore, not susceptible to attempts at assurance or control that rely on 
the pre-definition of solutions to "non-conformity" in advance. That 
approaches that rely on this method of pre-definition are necessarily 
destined for failure is a logical outcome of the application of G6delian 
incompleteness theory (i.e. that any self-consistent system is incomplete). 
In that, in that interpretation of quality, consistency (i.e., repeatability of 
output) is a fundamental element and therefore it is possible that there 
will be acceptable outputs that the quality management system is not 
capable of recognizing as such. 
The definition of standardization that follows from this implies a 
reduction in the potential variety of the behaviour of the .\ystem. 
Therefore approaches to quality managelnent that rely on variety 
reduction when, in services~ the subjective elelnent which exists in the 
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interaction between service provider and service client at least creates the 
condition where variety in the desirable outcome is likely to proliferate, 
create the conditions whereby a variety inequality, operating to the 
detriment of the service provider is likely to occur. Thus the 
misunderstanding of variety management (as per the "picturesque" 
statement of "Ashby's Law", 1964, p. 207)) as variety reduction creates 
the conditions where managed quality provision is not possible. 
Finally, the chapter introduces an outline model for the creation of skills 
based quality management systems based on the principles of the 
"ultrastable homeostat" introduced by Ashby, and later developed by 
Beer into the "3-4-5" homeostat of the "Viable System Model". This 
model, (developed as part of consulting and training interventions carried 
out in the UK and overseas in Hong Kong and the Peoples' Republic of 
China) fonned the basis of early (i.e., pre-project) consulting 
interventions and provided a basis for the implementation of the 
theoretical elelnents developed in later chapters. 
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Chapter 3 
The Standard! 
Introduction 
This chapter addresses the requirelnents, and philosophy of thc 
forthcolning "2000" version of the ISO 9000 falnily of standards. The 
new standards, ISO 900 I :2000 and ISO 9004:2000 are (at the tilne of 
writing) at the "Colnlnittee Draft 2" (CD2) stage of the dc\c1opll1ent and 
ilnplelnentation process (sce figure 1) and are due for full 
ilnplelnentation in the fourth quarter of 2000. 
1 Chapters three and four form thc intc1kdllal basis of thc dckt!ates' mfOmUlll)1l pac\... for a scne" of 
traill1l1~: courSl'S for qllalI\~ l11all;\t!l'rS and sl'nior cxccllti\'cs with respoII"ibilll~ for organllational 
qualit~ prl'sented in the t'''' Hong Kl)llt! alld tile Peoplc's Rcpllbli,: of China, TI1C -:oursc:-. \\l'rl' 
attended and supported b~, in the l'K thl' B~I (L'KL in Hl)lIt! KOIlt! by B~I Pacific and 111 thc PRe b~ 
"(,) Chilla" the ('hllll':-'l' national standards body, :\t the tllnc of dcli\'cry thIS support \\a" "l'l'n ;\" 
pro, Illillg t;h:it \'alidation of the approach sllt!!!ested ~Ill-:e then expll-:lt ';llldation ("l'l' al",) -:haptl'r 
t"ehe) has t~en fortlh:l)l11l1lt! by ,,;\\ of contra-:tl1~ll apecJl1ents and "tllCI11Cnts of intent to adopt thc 
111 ode I as the ba:-.is of \,,'l)1l1pll;1lh:l' audit and I1tlllagl'lllcnt '" "tcm tools. 
The design and implementation of "ISO" international standards is 
administered by the International Organization for Standardization (ISO) 
in collaboration with its member "national" bodies. 
The International Organization for Standardization (ISO) is a worldwide 
federation of national standards bodies from some 130 countries, one 
from each country. 
ISO is a non-governmental organization established in 1947. The mission 
of ISO is to promote the development of standardization and related 
activities in the world with a view to facilitating the international 
exchange of goods and services, and to developing co-operation in the 
spheres of intellectual, scientific, technological and economic activity. 
ISO's work results in international agreements which are published as 
International Standards. 
ISO is made up of its members which are divided into three categories: 
Member Bodies: 
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Correspondent Members: usually an organization in a country 
which does not yet have a fully developed national standards 
activity. Correspondent members do not take an active part in the 
technical and policy development work, but are entitled to be kept 
fully informed about the work of interest to them; 
Subscriber Members: for countries with very small economies. 
Subscriber members pay reduced membership fees that 
nevertheless allow them to Inaintain contact with international 
standardization. 
A melnber body of ISO is the national body "most representative of 
standardization in its country". Thus, only one body in each country may 
be admitted to membership of ISO. 
A member body takes the responsibility for: 
Infomling potentially interested parties in their country of relevant 
international standardization opportunities and initiatives: 
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Ensuring that a concerted view of the country's interests IS 
presented during negotiations leading to standards agreements; 
Providing their country's share of financial support for the central 
operations of ISO, through payment of membership dues. 
Member bodies are entitled to participate and exercise full voting rights 
on any committee and policy committee of ISO. 
(This section extracted and adapted from the ISO website www.iso.ch) 
The British member body is the British Standards Institution (BSI) 
which: 
" . .. works with manufacturing and service industries, businesses and 
governments facilitate the production of British, European and 
international standards. Today has a turnover approaching £ 170 
million a year, employs around 3400 people has operations in over 90 
counties including the US, Pacific Rim and China. In facilitating the 
writing of British standards, BSI is one of the world's leading 
authorities representing UK interests across the full scope of European 
international standards committees" (source: BSI website, 
www.bsi. org.uk). 
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The reasons for adopting the proposed 2000 version of the standards, 
rather than the established 1994 version are largely pragmatic. First 
there seemed little point in carrying out the detailed research and 
development necessary to be able to propose an appropriate solution to 
the problem of creating a model of a management that was capable of 
certification to a standard that was soon to be come obsolete. Second the 
rationalization (of language and structure), said to be included as part of 
the revision, promised to simplify the process. Finally there was an 
established collaborative relationship with members of various standards 
bodies (including a BSI member of the ISO international board, a 
Regional Officer of BSI (Pacific) and a Provincial Director of "Q 
China"). And these links provided a unique insight into the development 
of the new standard, and the issues surrounding its communication to 
accreditation and certification bodies and the potential users of standards, 
both at (i.e., in the UK) and overseas. 
Having said this, there is a need to explore the content of the new 
standards in the context of the need for change, and, in relation to ISO 
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9001 :2000, in relation to the changes in the content of the requirements it 
contains. 
This chapter considers the structure and content of ISO 9001 :2000 at a 
factual level, drawing comparisons to BS EN ISO 9001: 1994 where 
appropriate. Chapter four explores the conceptual bases of the revision 
and examines the potential problems which, I believe, have been either 
left unresolved or will be created by the implementation of the new 
standard. 
Why the Change? 
International standards are subject to reVIew every five years. The 
intention behind these periodic reviews is to ensure that the standards 
remain current, reflecting market and industry expectations and practices 
and encouraging best practice amongst their signatories. 
The ISO 9000 family of standards was last revised in 1994 and, since 
then, Inanagement thinking (more particularly quality managelnent 
tJlinking) has l110ved on. The Inodel of organization implicit in the 1994 
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versIon of the standard, as was the notion of the quality it seeks to 
achieve, is largely static. That is, the quality of the outputs, and the 
methods used to both achieve and monitor it are once established , , 
regarded as fixed. This is, by and large, a consequence of the emphasis 
on quality as standardization, the "making the same" of the outputs 
implicit in the manufacturing bias of the standard2. This led to the 
accusation that the standard allowed the accredited organization to 
produce very low quality - so long as it was properly documented and 
consistently low. 
Because the emphasis of the 1994 standard was on the proper 
documentation of raw materials, work in hand and completed work, and 
its inspection for conformance to specification before acceptance or 
release, the function of compliance was separated from the quality of the 
output of the organization. The standard never was a quality 
nlanagement systelTI it was only ever an output documentation and 
adnlinistration systelTI. 
~ Note that tJlis is accepted by ISO in the e:\-plicit requirements for "continual improvcmcnt"' and. to a 
lesser extent. tJ1C need to manage tJ1C transition of the QMS during periods of organizational changc. 
absent in thc 199-' version but included in tlle proposed 2000 vcrsion. 
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Period 
First Quarter 
Second Quarter 
Third Quarter 
First Quarter 
Fourth Quarter 
Third Quarter 
Fourth Quarter 
Timeframe for Implementation 
Year 
1998 Working Draft - for 
information 
1998 Working Draft - for 
information 
1998 Committee Draft (CDI) 
- for comment 
1999 Committee Draft (CD2) 
-for vote 
1999 Draft International 
Standard (DIS) - for 
vote 
2000 Final Draft International 
Standard (FDIS) - for 
vote 
2000 Revised International 
Standard published. 
Figure 1: Timeframe for the introduction 
of the new/revised standard 
(source: ISO, 1999) 
The fixation of the standard on the operational level of the organization 
(necessitated by the focus on output documentation and control) also led 
to the perception (supported by interviews with quality managers during 
the workshops) that quality was an operational issue. That is that quality 
Inanagement was not relevant to the more senior levels of the 
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organization3• This also suggests that the reason that management gurus 
begin their books on quality management by underlining the need for 
senior management commitment is that it is the most difficult thing to 
achieve in practice. One should note in this context the reviews of such 
gurus as Crosby: 
" ... Establish management commitment ... a half-hearted attempt will 
fail" (Beckford, 1998, p. 56); 
Deming: 
" [the] PDCA emphasised the need for management to become 
actively involved in their company' quality initiatives" (Flood, 1993, 
p. 13); 
and Juran: 
" responsibility for success or failure in getting quality right lies 
with management" (Flood, 1993, p. 18) . 
. 1 This criticism is also accepted by ISO and is addressed by way of explicit reference to the role of 
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Without such 'high-level' commitment, if quality is not shown to be 
relevant to the senior executive, the best that can be achieved is "lip 
service', a grudging and half-hearted statement of support that is unlikely 
ever to be fulfilled. 
Another significant weakness in the 1994 standard is that of the overt 
manufacturing bias (mentioned in the previous chapter) which it is the 
stated aim of the new standard to reduce. However, this seems (in 
relation to CD2) to be restricted to the use of the words "product andlor 
service" in place of the word "product" in the 1994 version. 
Finally, for now, is the problem of the consistency of terminology and 
the integration of other standards. The period since the last version has 
seen Inany other standards which impact on the operation of business 
cOlne into being (e.g. ISO 14000, environmental management; BS 7799, 
information security; BS 8800, health and safety, etc.). Because these 
standards were drafted to achieve specific objectives under specific 
environmental demands they were, largely, drafted in isolation. This led 
"top managcment" in the 2000 vcrsion of the standard. 
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to the repetition of work (usually drafted in different terminology) and in 
some cases to contradictory demands in the different standards. 
F or all these reasons the standard was in need of review - indeed 
reasons such as these demonstrate the need for the structural inclusion of 
a review process. It can be seen as a measure of the complexity of the 
issues involved (in revising this standard in particular) that it will be 
more than six years, rather than the regulation five, before it is finally 
implemented. 
What Does It Look Like? 
In most cases the clauses of the 1994 standard have been expanded in the 
2000 version, both numerically (i.e. there are more clauses) and in terms 
of the scope of the requirements (i.e. the new standard requires more of 
the organization in each of the areas). 
ISO 9000:2000 is currently at CD2 (BSI, 1999a; BSI, 1999b), this means 
that it is still subject to a number of rounds of (potential) revision. 
Current infonnation (received in conversation from representatives of 
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ISO 9001:1994 ISO/CD29001:2000 
1 Scope 1 
2 Nonnative Reference 2 
3 Definitions 3 
4.1 Ma.nru;rement Responsibil!ty 
4.1.1 Quality Policy 5.1; 5.4;5.5.1 
4.1.2 Organization 4: 5.5.2 
4.1.2.1 Responsibility and Authority 5.6.2 
4.1.2.2 Resources 5.1~ 6.1; 6.2~ 6.3~ 6.4; 6.5 
4.1.2.3 Management Representative 5.6.3 
4.1.3 Management Review 5.1~ 5.7 
4.2 Quality System 
4.2.1 General 4~ 5.1; 5.6.1; 5.6.4 
4.2.2 Quality System Procedures 4~ 5.6.5 
4.2.3 Quality Planning 5.5 
4.3 Contract Review 5.1; 5.2~ 5.3; 7.1; 7.2 
4.4 Design Control 7.1;7.3 
4.5 Document and Data Control 5.6.6 
4.6 Purchasing 7.e 7.4 
4.7 Control of Customer Supplied Product 7.1; 7.5.3 
4.8 Product Identification and Traceability 7.1; 7.5.2 
4.9 Process Control 6.5~ 7.1~ 7.5~ 7.5.5~ 8.2.2 
4.10 Inspection and Testing 8.1 ~ 8.2.3 
4.11 Control of Inspection, Measuring and 7.1;7.6 
Test Equipment 
4.12 Inspection and Test Status 7.1 ~ 7.5.2 
4.13 Control of Nonconforming Product 8.1~ 8.3 
4.14 Corrective and Preventive Action 8.1; 8.5.1; 8.5.2~ 8.5.3 
4.15 Handling, Storage, Packaging, 7.1 ~ 7.5.4 
Preservation and Delivery 
4.16 Control of Quality Records 5.6.7 
4.17 Internal Quality Audits 8.1; 8.2.1; 8.2.1.1; 8.2.1.2 
4.18 Training 6.1; 6.2.2 
4.19 Servicing 7.1; 7.5.1 
4.20 Statistical Techniques 8.1 
Figure 2 Correspondence between ISO 9001:1994 and ISO CD2 9001:2000 
(source: BSI, 1999a) 
both BSI and ISO) is that amendments to the language of the standard 
can be expected but that major changes to, for example, the intent, 
content or direction, are unlikely. 
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i 
both BSI and ISO) is that amendlnents to the language of the standard 
can be expected but that major changes to, for exaInple~ the intent, 
content or direction, are unlikely. 
Clauses one, two and three of the ne\\" standard co\"er the saIne areas as 
clauses one, two and three of the 199-1- version that is, scope, normatiYe 
reference and definitions. Ho\\"ever the t\\"enty nine (29) sub-clauses of 
clause four (which contain the require/}/ents of the standard) in the 199--l 
version of the standard have been converted into seventy three (7 -~) sub-
clauses in the 2000 version. 
These seventy three functional sub-clauses of the ISO 900 I : 2000 
standard have been di vided bet\\"ecn four lnain areas (clauses) under the 
follc)\\"in!! headin!!s: 
'- '-
'Ianagement Responsibilit)· (clause 5)~ 
Resource 'Ianagement (clause 6); 
Product and/or Sl~I,",'il'l~ Realization (c1au,e i); 
The most obvious difference between the two standards is in their 
structure, figure two (above) is abstracted from BS EN ISO/CD2 
9001 :2000 and shows the correspondence between the clauses of ISO 
9001: 1994 and BS EN ISO/CD2 9001 :2000. 
This tab Ie also makes apparent the fact that the standards body is 
attempting to ease transition from the old standard to the new. Whilst 
this is useful to those organizations who are already certified and wish to 
continue it is also creating an element of 'short-termism' in those 
organizations that are currently seeking 'first-time' certification in the 
interim period. This is caused by organizations needing certification in 
the short term (for commercial or contractual reasons) being forced to 
adopt the 1994 standard (as it is not yet possible to be certified to the 
new one) rather than undertaking the organizational review and change 
program necessary to achieve fulfilment of the requirements of an (as 
yet) incomplete new version. 
There are also two more fundamental changes to the proposed content of 
the new standard: 
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the possibility of the "reduction of scope" of certification~ and, 
the formal requirement for the demonstrable achievement of 
"continual improvement". 
Until the implementation of the 2000 version of ISO 9001 it is possible 
for organizations to choose to be certified against the standard (i.e. set of 
requirements) that most closely fitted their business requirements and 
operations. ISO 9001 provided the requirements for a quality system for 
an organization that needed to demonstrate "quality assurance in 
design/development, production, installation and servicing" (Hoyle, 
1994, p. 26). ISO 9002 provided the requirements for a quality system 
for an organization that needed to demonstrate "quality assurance in 
production, installation and servicing" (Hoyle, ibid). ISO 9003 provided 
the requirelnents for a quality system for an organization that needed to 
delnonstrate "quality assurance in final inspection and test" (Hoyle, ibid). 
The introduction of the new standard will, however, remove this option 
by withdrawing ISO 9002 and ISO 9003 and replacing it with the ability 
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for organizations who previously had, or would now, be certified to them 
to register to ISO 9001 with a "reduced scope" of applicability. 
The second item, this time a major addition to the content of the standard 
is the need to be able to demonstrate "continual improvement". It has 
been apparent (through attendance at, and presenting of, various 
seminars/workshops etc. where standards bodies speakers have taken 
part) to detect a shift in the official attitude to this requirement. When 
first announced it seemed that the intention was to require demonstration 
of an improvement in the output of the organization. However the 
wording of the requirement in C02 (clause 8.5.1) requires only an 
improvement in the operation of the quality management system. As will 
be argued in the next chapter, it is believed that this was necessary as a 
consequence of the lack of an appropriate model of organization, i.e. that 
the models applied to the formulation of the standard are monotonic and, 
therefore, nominally capable of achieving 'perfection' from where 
ilnprovement (continual or otherwise) becomes meaningless. 
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The Clauses 
What follows provides a review of the contents of the current Committee 
Draft (CD2), however, for the precise wording readers are referred to the 
actual document - BS EN ISO/CD2 9001:2000, and later revisions as 
they become public. These should be available from national certification 
bodies and/or the local office/representative of ISO. The bold type and 
the num bers that follow relate to the clauses in CD2 as they are 
currently headed and numbered. 
Management Responsibility (Clause 5) 
The new standard is more prescriptive of the role to be taken by the 
management of the host organization. Clause five is divided into some 
fourteen sub-clauses detailing actions to be taken in order to demonstrate 
adequate comlnitment on the part of executive personnel. 
In general (5.1) managelnent is required to "demonstrate its 
cOlnmitlnent to -, the creation and maintenance of an awareness of the 
importance of fulfilling Ctlstolner requirements, establishing quality 
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policy, objectives and planning, establishing a quality management 
system, perfonnance of management reviews and ensuring the 
availability of resources. 
In tenns of customer requirements (5.2) management is required to 
"ensure that" customer needs and expectations are detennined and 
converted into requirements and that these requirements are fully 
understood and met. 
Management is expected to establish and maintain a procedure that 
ensures that the organization is able to identify, and has access to, 
information regarding the legal requirements (5.3) applicable to the 
quality of its products or services. 
There is a responsibility to establish a quality policy (5.4), ensuring that 
it is appropriate to the organization and its customers, makes a 
commitment to meeting the needs of customers and continual 
improvement, provides a structure for setting and reviewing quality 
objectives, communicated, understood and implemented throughout the 
organization and is reviewed for ongoing suitability. 
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The requirement for quality planning (5.5) includes a stated need for the 
setting of objectives (5.5.1) for each relevant function and level and for 
the documentation of the results of the quality planning (5.5.2) process, 
and should identify the activities and resources necessary to the 
achievement of quality. 
In particular the standard reqUITes that planning should cover the 
processes necessary in the quality lnanagement system (and a statement 
of any reduction in scope), the operational processes and resources 
needed and the identification of quality indicators appropriate at different 
stages of operations and the verification activities, criteria for 
acceptability and the quality records needed. 
The stated intention of the planning process is that organizational change 
be brought about in a "controlled manner and that the quality 
management system is maintained" during such change. 
A quality management system (5.6) shall be established which, in 
general (5.6.1) shall serve to enable the meeting of quality policy 
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requirements, achieving quality objectives and ensuring the products or 
services conform to customer requirements. Within the structure of the 
quality management system roles and their interrelations and 
responsibilities and authorities (5.6.2) must be defined and must also 
be communicated throughout the organization, where it is necessary any 
form of "organizational freedom" or discretion "shall be defined". 
The organization shall appoint a management representative (5.6.3) 
"shall have defined responsibility that includes" ensuring the 
establishment and maintenance of the quality management system, 
reporting to senior management regarding the performance of the quality 
management system and ensuring awareness of customer requirements 
within the organization. 
The standard has a requirement for the establishment and maintenance of 
procedures for internal communication (5.6.4) between the levels and 
functions of the organization with regard to the functioning and 
effectiveness of the quality management system. 
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The organization must prepare a quality manual (5.6.5) which contains 
descriptions of "the elements of the quality management system ... their 
interaction ... and any reduction in scope ... ". The quality manual must 
also contain reference to the operational procedures used. The standard 
includes the note that "The quality manual need not be a stand-alone 
document". 
It is required that procedures are in place to ensure the necessary control 
of documents (5.6.6). This is to ensure that all documents are reviewed 
and approved for adequacy before dissemination, are subject to periodic 
review, amendment and re-approval, are available where they can 
support effective functioning of the quality management system. And 
that obsolete documentation is removed and/or prevented from 
unintentional use and that obsolete documentation retained for reference 
or to satisfy legal requirements is suitably and easily identifiable. A 
further requirelnent is that an index of current revisions is maintained to 
further protect against unintended or inappropriate use. 
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Documents relating to the quality management system should also be I t 
legible and accessible with external documentation included or referred 
to in the quality management system being identified and recorded. 
Procedures are also required for the control of records (5.6.7) used to 
demonstrate the conformance to requirements and effectiveness in 
operation of the quality management system. These record must also be 
subject ot procedures for identification, storage, retrieval, etc., as the 
documentation referred to above. 
The final requirement of the standard listed under the heading of 
management responsibility is management review (5.7). Senior 
managelnent must establish and implement a procedure for periodically 
reviewing the "suitability, adequacy and effectiveness" of the quality 
Inanagement system. The intention of this requirement is to ensure that 
needs for changes to the structure and operation of the quality 
management system are identified. The clause contains the statement 
that: 
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"Management . reVIew shall include periodic reVIew of current 
performance and improvement opportunities related to:" 
results of audits; 
customer feedback; 
process performance and product conformance analyses; 
status of preventive and corrective actions; 
follow-up actions from earlier management reviews; 
changing circumstances. 
And that "The outputs from management review shall include actions 
related to:" 
iInprovement of the quality management system; 
process, product and/or service audits; 
resource needs. 
Finally the clause states that the results of such reVIews should be 
recorded. 
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Resource Management (Clause 6) 
Although the stated intention of the standard is to make it reflect more 
accurately the terminology used in modem business this clause appears 
misleadingly titled. In interviews carried out with quality managers the 
preferred use of the term "resources" was, with the exception of 
personnel, to describe consumables or raw materials. As becomes clear 
in reading the clause the intention in CD2 is to use the term to describe 
structural resources - that is, for the most part, the organizational 
enablers that support the execution of the core business activities. 
In general (6.1) there is a requirement on the host organization to 
ensure that the quality management system is properly resourced. This 
means that the resources necessary to the establishment and maintenance 
of the quality management system are identified and provided at times 
which are appropriate to its functioning. 
The standard mentions in particular: 
Human Resources (6.2); 
Information (6.3); 
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Infrastructure (6.4); 
Work Environment (6.5). 
In relation to the assignment of personnel (6.2.1)"' elnphasis is placed on 
ensuring that those persons employed in particular tasks ha\"c clearly 
defined responsibilities for action and are cOlnpetent to carry out such 
tasks as they have been assigned "on the basis of applicable education, 
training, skills and experience". 
To support this, within the standard, the areas of competence, training, 
qualification and awareness (6.2.2) arc singled out for particular 
attention. There is a stated requirelnent of the organization to set up and 
Illaintain "s:ysteln level procedures" \\'hich: 
Identif~' cOlnpetence and, therefore training needs (note that little is said 
of the illlpIication for skills audits) 
Ensure the pro\'ision of appropriate training to satisfy training needs 
Assess the efficacy of training (\\"ith a requireInent for the definition of 
Maintain records of training etc. delivered in the context of the quality 
management system. 
A further requirement within clause 6.2.2 is that of having operational 
procedures for making employees "at each relevant function and level 
aware of': 
The importance of conformance to the quality policy and 
requirements/demands of the quality management system; 
The significance of their work to the achievement of quality in the 
organization; 
The benefit (presumably to the organization) of consistently 
improving their personal effectiveness; 
Their personal roles and responsibilities In the achievement of 
conformance to the quality policy, procedures and requirements; 
The actual or potential consequences of deviation from the stated 
procedures. 
-l Tlus is the area of the proposed standard that relates to what I have called. in agreement nith the 
1994 standard the "special processes". Although they are expanded in the 2000 version no attempt (as 
can be seen from the wording) has been made to exploit them to the benefit of the service sector. 
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Requirements for information (6.3) management are that information 
needs for the control of operations and the ensuring of "confonnity of 
product/and or service" are defined and that the quality management 
system has defined procedures that provide "access to and protection of 
information". The exemplars of "typical types of information" are those 
relating to "process, product and/or service ... and data from suppliers 
and customers". 
The infrastructure (6.4) necessary to the achievement of conformity is 
stated to include: 
An appropriate "workspace and associated facilities"; 
The equipment necessary to the deliver of outputs, which can 
include computer hardware or software; 
The Inaintenance protocols needed for such equipment; 
"Supporting services. 
Finally in this section, under the heading work environment (6.5) the 
standard identifies "those human and physical factors" necessary to the 
achievelnent of conformity. The standard singles out: 
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Health and safety; 
Working methods; 
Work ethics; 
Ambient working conditions. 
As examples of the areas it considers appropriate for mention. 
Product and/or Service Realization (Clause 7) 
In keeping with the intended rationalization of the structure of the 1994 
standard those elements that relate to the creation of the outputs of the 
organization are collected under this heading. The result of this is that 
this one main clause contains the full or partial requirements of ten of the 
sub-clauses of the previous version. 
This clause also contains the areas that are permitted to be subject to the 
application of a "reduction in scope". The withdrawal of the ISO 9002 
and ISO 9003 standards as 4 stand alone' sets of requirements means that 
for organizations that, prior to the implementation of the 2000 version, 
82 
assured and/or controlled quality by way of production process control 
(and were, therefore, certified to ISO 9002) and those which controlled 
quality by way of post-production testing (and were, therefore, certified 
to ISO 9003) will be allowed to reduce the scope of their certification to 
ISO 9001 to reflect the fact that they have no need for, e.g., design 
contro 1, etc .. 
In general (7.1) the standard requires that the organization identify and 
take appropriate action to control the processes it requires in order to 
deliver the products and/or services it provides. These processes should 
be based on the outputs from quality planning and steps should be taken 
to ensure that they operate in a controlled and consistent manner to 
satisfy customer needs. In particular attention should be paid to the 
"sequence and interaction" and the "ability to meet ... requirements". 
This general statement is expanded by requiring that the organization 
shall: 
"Establish methods and practices" to ensure consistency of 
operation; 
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Define and operate "criteria and methods" in order to control 
processes to "achieve ... conformity with customer requirements"; 
Ensure that processes can be operated so as to achieve this 
conformity to requirements; 
Define and operate "arrangements for measurement, monitoring 
and follow-up actions" which will allow continued operation 
within defined limits; 
"Ensure the availability of the information and data necessary" to 
support this operation within defined limits; 
Maintain records "of the results of control processes" in order "to 
provide evidence of effective operation and monitoring". 
In a section headed customer-related processes (7.2) the standard 
expands those areas of attention relating to the definition, 
operationalization and ongoing satisfaction of customer needs. In the 
first, identification of customer requirements (7.2.1), it states the need 
for a defined process that will identify or verify: 
The completeness of stated custolner req uirements; 
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Those unspecified requirements necessary to achieve "fitness for 
purpose"; 
Legal or regulatory requirements relating to the product and/or 
servIce; 
Requirements relating to "availability, delivery and support of 
product and/or service". 
Prior to entering into any commitment to supply the organization shall 
conduct a review of customer requirements (7.2.2). This review 
should include consideration of changes requested by the customer and is 
intended to confirm that: 
Requirelnents are clearly and unambiguously defined; 
Requirements have been confirmed prior to acceptance (whether 
or not a written statement has been provided by the customer); 
Issues relating to differing requirements (from e.g. previous 
expressions) are resolved; 
The organization has the capacity and/or capability to meet 
requirelnents. 
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Any subsequent actions and the results of the review and required to be 
recorded and held as quality records. 
There is an explicit requirement for the organization to define and 
implement procedures for customer communication (7.2.3), with the 
stated "aim of meeting customer requirements". Conformance to this 
sub-clause requires that the organization has procedures for acquiring 
information relating to: 
The product and/or service; 
Query and order handling (to include amendments to orders); 
Complaints and rectification procedures; 
Customer comment regarding performance. 
The area of design and development (7.3) is one where the organization 
may choose to limit the scope of its registration. Where design is to be 
included the general requirements (7.3.1) are that it plan and control 
the elements of the process in the same manner as other areas of 
operation. This is detailed as the preparation of "design and/or 
developlnent plans" including: 
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The stages of the design/development process; 
The necessary review, verification and validation activity (and the 
periods between them or points they are appropriate); 
The responsibilities and authorities of personnel involved in the 
design/development process. 
A further requirement is for the management of the handover/interface 
points in the process in order to ensure "effective communication and 
clarity of responsibilities". 
The requirelnents the product andlor service must meet must be defined 
and held on record. These requirements are designated design and 
development inputs (7.3.2) and must include: 
Customer or market originated performance requirements; 
Regulatory or legal requirements; 
Environmental requirements; 
Derived requirements imputed form earlier similar designs; 
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Non-stated requirements necessary to the design/development 
process. 
Design inputs must be subjected to a review process which ensures the 
resolution of issues of incompleteness, ambiguity or conflict. 
The initial (and final, subject to completion of the process) results of the 
design/development activities are designated design and development 
outputs (7.3.3). These outputs are to be recorded "in a format that 
enables verification against the input requirements". 
development outputs should be demonstrated to: 
Meet the input requirements; 
Refer to or contain acceptance criteria; 
Design and 
Identify those characteristics of the design that are essential to the 
"safe and proper use" of the product and/or service. 
Documents relating to design and development outputs must be reviewed 
and approved by an authorized person prior to release. 
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The design and development review (7.3.4) is intended to ensure that 
the design/development process is making proper progress. The standard 
requires that the organization identify appropriate stages of the process 
and subject progress to date to scrutiny. These reviews should: 
Assess the capacity of the design to achieve the quality 
requirements; 
Identify problems (actual or potential) and propose possible 
solutions. 
The review process must allow for the inclusion of representatives from 
the "functions of the design stage being reviewed". 
The outcomes of the reviews along with subsequent actions must be 
recorded as a quality document. 
Design and development verification (7.3.5) is required by the 
standard. In the context of the standard this can be taken to mean getting 
the design right. The requirements of this activity are that the design 
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results are compared to the "design inputs" in order to assess the extent 
to which the finished (or interim) design meets initial criteria. 
The outcomes of this activity are to be recorded and held as quality 
records. 
Design and development validation (7.3.6) is concerned with ensuring 
that the organization has produced the right design. The emphasis is on 
the performance of the finished product or service rather than 
conformance to formal design specification. The standard requires that 
"Wherever applicable, validation shall be ... completed prior to delivery 
or ilnplementation .. . [where this is not possible] partial validation 
shall be undertaken to the maximum extent practical". 
The outcomes of this activity are to be recorded and held as quality 
records. 
The organization must exercise control of changes (7.3.7) in the design 
and development process. All changes to or modifications of the process 
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require approval by an authorized person and must be recorded in quality 
records prior to implementation. 
In addition the organization must assess the consequences of changes on: 
The interactions between elements of the process; 
The interactions between component parts of the resultant 
deliverable; 
Pre-existing products and services and post-delivery operation; 
The need for re-verification and/or re-validation of the design 
outputs. 
The outcolnes of this activity are to be recorded and held as quality 
records. 
To the extent that materials and services that are sourced externally 
effect the quality of the products or services of the organization 
purchasing (7.4) is also subject to control. In general (7.4.1) it is 
necessary to have processes to control purchasing to ensure that 
organizational requirements are met. The standard allows that the "type 
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and extent" of the control methods be "dependent on the effect" of the 
purchased items on the finished product or service. 
The organization is required to maintain documents containing 
purchasing information (7.4.2) that clearly describes the product or 
service required including if appropriate: 
"requirements for approval or qualification" of products or 
services, procedures, processes, equipment and personnel"; 
"any management system requirements". 
The documents must be adequate to the "specification of requirements 
prior to release". 
The standard requires that arrangements necessary for the verification of 
purchased product and/or services (7.4.3) are defined and in operation. 
If such activities are to be performed on supplier premIses the 
organization shall define these and the methods of release in purchasing 
documentation. 
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Organizations are required to plan and control production and service 
operations (7.5). In general this must include those undertaken in-
house and after delivery by: 
The availability of specifications of characteristics or performance; 
The availability of work "specifications or instructions" needed for 
conformity to specification; 
Use and proper maintenance of appropriate equipment; 
Provision of acceptable working conditions; 
Use of appropriate measuring and monitoring equipment; 
Operation of appropriate verification procedures and activities; 
Use of appropriate methods release, delivery and/or installation. 
The organization IS required to ensure the identification and 
traceability (7.5.2) of products or services as appropriate in relation to 
any required measurement or verification. This should include that 
ability to identify items "throughout all processes" if applicable. This 
requirelnent extends to individual component parts should their 
interaction impact on conformity. If traceability is a requirement of 
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specifications it is necessary for the organization to '''control and rccord 
the unique identification" of the product or ser\'ice. 
Customer property (7.5.3) should be treated \vith due care \\hil~t in the 
care or possession of the organization. Such property if used for 
incorporation in products or services must be identified, \crified stored 
and maintained in an appropriate manner prior to incorporation. If such 
property is found to be unsuitable for any reason this Inust be recorded 
and reported to the customer. The standard identifies intellectual 
property under this heading. 
The organization nlust implement measures for handling, packaging;, 
storag;e, preservation and delivery (7.5.4) which ensure that during 
processing and/or delivery that the ability of itelns to conform to 
specification is not cOlnprolnised. This requirelnent is extended to 
cOlllponcnt parts of products and elelnents of services. 
This requirelnent Inust be proceduralized to ensure that product release 
or scn'ice deJi\cry does not occur in the abscnce of cOlnpletion and other 
rdatcd docllInentation is "'a\ ailable and authorized". 
The organization is required to undertake the validation of processes 
(7.5.5) where outputs "cannot be readily or economically verified by 
subsequent monitoring, inspection and/or testing. The aim of such 
validation is the demonstration of "effectiveness and acceptability". The 
validation of processes must address: 
Those processes to be qualified prior to use; 
The qualification of equipment or personnel; 
Specific procedures or records to be used; 
Protocols for re-validation. 
The outcomes of these activities are to be recorded and held as quality 
records. 
The organization must design and implement protocols for the control of 
measurement and monitoring devices (7.6) - noting that this is an 
area which will not be appropriate to all organizations. Where such 
devices are appropriate to demonstrate the confonnity of products or 
95 
services the devices themselves must be subject to control for e.g., 
accuracy, protection from damage, etc. 
Computer software used in this manner must be validated pnor to 
operation and special purpose software specifically for testing must meet 
the product development criteria included in the standard. 
Where monitoring or measurement equipment IS appropriate the 
organization must be able to demonstrate: 
That measurement and monitoring devices have been calibrated or 
adjusted at appropriate intervals or times "against equipment 
traceable to international or national standards". In the absence of 
such standards "the basis used for calibration shall be recorded"~ 
Clear identification of measuring and monitoring devices and their 
calibration status~ 
Definition of the methods of calibration~ 
Recording of the results of calibration~ 
That environmental conditions at the time of calibrations, tests, 
etc., were suitable for them to be carried out; 
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Adequate safeguards against adjustments that would invalidate 
calibration are implemented; 
That the validity of previous test results is assessed if devices are 
found to be out of calibration and that appropriate action has been 
taken. 
Measurement, Analysis and Improvement (Clause 8) 
This final clause states the requirements for the control elements of 
quality management systems. It is an area that was problematic to 
service providers in the past - although this seems to have been 
overcome by stating that tools such as, e.g. statistical methods were 
inappropriate to the business (an approach taken by the financial services 
provider discussed later). In the new version, however, the requirement 
is 'toughened up' in that there is an obligation to "identify and use 
appropriate statistical tools" (BSI, 1999a, p. 21). 
This clause also contains the major change to the content of the standard, 
i.e., the need for continual improvement which was not in the 1994 
versIon. This, also, appears to be causing some confusion in its 
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interpretation. The wording of the requirement is that "The organization 
shall continually improve the quality management system" CBSI, 1999a, 
p.23, italics added) not that it continually improve its output - it seems 
that the accusation regarding the ability to produce rubbish is still valid. 
In general (8.1) the standard requires that the organization identify, plan 
and operate measurement, monitoring, analysis and improvement 
measures with the aim of ensuring that the its quality management 
system and its processes and products or services conform to 
requirements. In practice this means that the organization must: 
Determine and record the timing, frequency and locations of 
Ineasurements and the types of records necessary to support this~ 
Assess the effectiveness of such measures as are taken and define 
the periods/timings of such evaluations~ 
Identify and use appropriate numerical methods (note that none 
tnay be appropriate)~ 
Use the results of this analysis and the subsequent improvement 
activity as a source of information for management review 
processes. 
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The standard provides a number of examples "'here measurement and 
monitoring (8.2) is considered applicable. 
Procedures for the measurement and monitoring of system 
performance (8.2.1) are required. Although the standard does not list 
appropriate indicators "custolner satisfaction shall be used as one 
Ineasure of systeln output and internal audit shall be used a~ a tool" for 
assessing consistency of perfonnance and continued cOlnpliance. 
Tools and lnethods for the measurement and monitoring of customer 
satisfaction (8.2.1.1) lnust be defined. 
The organization IS required to carry out 'objecti\'e' internal audit 
(8.2.1.2) to establish \\'hether the quality Inanagell1ent systenl is being 
l'ITecti\'ely operated and that it continues to conforn1 to the standard. 
Audits are also suggested as a lllean~ of identil~'ing opportunitic~ for 
i III pn )\'etllent. 
l) l) 
Audit procedures and the scheduling of audit activity must take account 
of the relative importance of operative processes and previous audit 
results in the areas covered. 
There is a requirement to define a procedure for audit activity that 
includes scope, frequency, methods and responsibilities and requirements 
for conduct. Audit results are to be recorded and reported to 
management. 
Audits must be perfonned by persons other than those who carry out 
work in the area being audited. 
It is regarded as necessary within the standard to undertake the 
measurement and monitoring of processes (8.2.2), this is in order to 
ensure that those processes that impact on the meeting of customer 
requirements are demonstrably under control and continue to be able to 
satisfy their original purposes. The results of these activities should be 
used to improve performance. 
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Suitable methods for the measurement and monitoring of product 
and/or service (8.2.3) should be identified and used, this is in order to 
ensure that the requirements for the product or service are met. 
Records should be kept of measurement and monitoring activity required 
by the quality management system, these records should contain 
information relating to the (non)conformance to acceptance criteria and 
responsibilities for release or delivery of product or service. 
The organization must be able to delnonstrate the control of 
nonconformity (8.3). In general (8.3.1) it must be possible to ensure 
(and demonstrate that this is done) that nonconforming product or service 
is prevented form unintended use or delivery. This is achieved by 
providing for the identification, recording and reviewing of the nature 
and extent of nonconformity identified. A procedure for doing this must 
be defined as part of the quality management system. 
This leads to a need for nonconformity review and disposition (8.3.2). 
Within the tenns of the standard the organization is required to review 
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those nonconformities that arise and decide upon the action to be taken. 
The standard allow for four courses of action: 
Correction or adjustment so as to conform to requirement; 
Release/acceptance under concessIon with or without 
correction! adj ustment; 
Re-assignment for valid, alternative, use; 
Rejection. 
Within the review and disposition process responsibilities and authorities 
for resolution of issues surround or arising from nonconformity must be 
defined. Where required by contract used of repaired or reworked 
nonconfonning product must be reported to customers for approval. 
All reworking, acceptance of nonconformity, repaIr, etc. must be 
recorded. Where rework is necessary verification requirements must be 
defined and applied. 
It is necessary to define and implement a procedure for the analysis of 
data for improvement (8.4) within the quality management systelll. 
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This is to assess the effectiveness of the system and to aid in identifying 
where operational improvement can be made. This analysis should be 
based on data from measuring and monitoring activities and "any other 
relevant sources". 
The organization must identify and analyze data to provide information 
regarding: 
Operational process trends; 
Customer (dis )satisfaction; 
Conformance to requirements; 
The characteristics of processes products and! or services. 
The organization must be able to identify and strive towards continual 
improvement (8.5). In general (8.5.1) it is required of the organization 
that it operates a procedure within the quality management system that 
describes the use and interaction of quality policy, objectives audit 
results, data analysis corrective and preventive action and management 
review in order to continually improve the performance of the quality 
Inanagetnent system. 
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Corrective action (8.5.2) is aimed at the reduction or elimination of the 
causes of nonconformity and the prevention of recurrence. A procedure 
within the quality management system is required which must define the 
requirements for: 
Identifying nonconformities (including complaints); 
Identification of the causes of nonconformity; 
Definition of the need for action to prevent recurrence of 
nonconformi ty; 
The undertaking of actions to ensure the prevention of the 
recurrence of nonconformity; 
The effectiveness of preventive action and ensunng that it IS 
recorded. 
Preventive action (8.5.3) is to be taken as part of a defined process for 
the elimination of the potential causes of nonconformity. Inputs to the 
preventive action process are taken from the quality management system 
records and the results froln the analysis of data for improvements. 
104 
The organization must define a procedure within the quality management 
system that addresses: 
The identification of potential nonconformities; 
The definition of the causes of identified potential for 
nonconformity; 
The identification of preventive actions necessary to remove the 
causes of potential nonconformity; 
The undertaking of preventive action; 
The review processes that assess the effectiveness of preventive 
action and that such action is recorded. 
Summary 
This chapter has presented a description of and (limited) commentary on 
the contents of ISO/CD2 9001:2000 and the timetable for its 
implementation as a full international standard for the design and 
implementation of quality management systems. Although it was not the 
intention, in this chapter to develop any form of detailed critique (that 
being the subject of the next chapter) references were made to areas 
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where problems or weaknesses have been apparent in either the content, 
conceptual bases or in the promotion or dissemination of information 
relating to the standard or its implementation. 
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Chapter 4 
Towards a Solution 
Introduction 
In the preVIOUS chapter the draft version (C02) of the proposed ne\\ 
standard was introduced. In this chapter the principles and 
organizational tnodel behind the standard \\ill be discussed. This begins 
with a fuller discussion of the Viable Systetn Model (VSM) and a 
reprise of the differences between C02 and BS EN ISO 900 1: 199-+, 
Follo\\ing this the "eight principles" adopted to enlighten the 
fonnulation of the standard and the tl10del of organization adopted by the 
standards body are discllssed in the context of the VSI\ 1 Finally, the 
rcquirclncnts of th~ standard are related to the functional elelnents of the 
VSf\1. The chapter concludes \\'ith a de JCIL'ln definition of the 
chaLlL'teristil's rl'qllircd for a solution tl1ode} that \\i1I: 
satisf~' the fl)nnal rcqllirclnents \.)fthc standard: 
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satisfy the implicit organizational development issues raised 
by the standard; 
be accessible and useful to organizations intending to adopt 
the standard; 
be capable of generalization to both the manufacturing and 
services provision sectors. 
The VSM 
In this discussion of the standard, its principles and organizational model 
it is accepted (following the discussion of method in chapter one) that 
quality management, due to the fact that it constitutes a unitary control 
activity, is susceptible to the principles of cybernetics. In particular the 
work of Ashby (1960; 1964) and Beer (various) were selected as 
appropriate analytical tools. This choice of approach, and the experience 
of the ilnplementation of quality management systems gained as part of 
the case study (presented in later chapters), and other 'pre-project' 
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consulting interventions, informs the development of the model proposed 
later in this report. 
The VSM (and its forerunner, Ashby's "ultrastable system") are 
introduced at this point to illustrate the intellectual basis used for the 
definition of the characteristics that must be possessed by a model that 
aims to fulfil the requirements of the standard. That is, a rigorous basis 
for providing the adaptive and control capacity to identify and ensure the 
ongoing relevance of the activities of the organization. 
In the chapters that follow (i.e. those which derive the model formally 
and those that show how the model can be used to implement 
management quality) the individual elements will be expanded. 
However for now it is necessary is to demonstrate that such a solution is 
conceptually possible. 
Figure one (below) gives a representation of Ashby's original version of 
the ultrastable system: 
Ashby describes this ITIechanislTI in the following Inanner: 
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"The orgamsm that can adapt thus has a motor output to the 
environment and two feedback loops. The first loop ... consists of the 
ordinary input from eye, ear, joints, etc., giving information about the 
world around it. The second feedback goes through the essential 
variables (including such correlated variables as the pain receptors); it 
carries information about whether the essential variables are or are not 
driven outside the normal limits." (Ashby, 1960, p. 83). 
While Beer describes the device capable of ultrastability thus: 
"A device that seeks equilibrium in the face of expected perturbation, 
that is a perturbation already familiar from experience, is capable of 
stability. But a device that can adapt to unexpected perturbation, 
insofar as the new perturbation is outside the range of familiar 
experience, is capable of ultrastability." (Beer, 1994, p. 236) 
Here we find precisely the capacity necessary to the learning or adaptive 
organization. The capacity and authority to implement and sanction 
change has been internalized and recursive structures become possible. 
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The original ultrastable system (presented as figure one) was later 
modified (to the form given in figure two) for use in management 
seminars (by Dudley and Beckford, see, e.g, 1999a) which, it was felt, 
was more accessible to practicing managers. 
Environment 
Reacting 
System 
Essential 
Variables 
Figure 1: The ultrastable system 
Adaptedfrom Ashby, 1960, p. 83. 
This later interpretation of Ashby's original model replaces his 
environment with 'market' terminology, the "essential variables" with 
Beer's (1979, p. 351) "normative management" and the "reacting 
system" with "operations". To some extent the recorded "parameters" 
(i.e. those environmental conditions that are retnembered as being in 
effect when a particular stimulus occurred have been renamed '''strategic 
1 I 1 
action" which, in organizational terms, instantiates this 'memory' in a 
new structure appropriate to current conditions. 
In this modified version of Ashby's model it is possible to locate the 
potential for change outside the operational area of the model, in the 
normative or strategic levels. This is consistent with both the standard 
(see later) and resource management at the strategic level (as the 
implementation of structural change implies the provision of non-
operational resource). And customer focus has both a specific (i.e. 
specific provision to specific customer) and a general, or organization 
wide (i.e. whole organization to market) focus 
Result of 
Action 
Operations 
Wider Market 
Organizational 
Action 
Strategic 
Arlinn 
Normative 
Management 
Market 
Response 
Figure 2: A 'businessfrielld~l" representation of the ultrastable .\yslcm 
Adapted from Dudley and Beckford. J 999b 
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The two problems with this representation when attempting a detailed 
mapping of the requirements of the standard (even at this level of 
generality) is that a) the more detailed requirements relating to 
performance are contained in the "operations" box (which has no detail 
to address) and that there is no facility to apply the continuous 
improvement activity from operations to the strategic or normative 
levels. Dudley and Beckford (1999b) overcome this by making the 
arrow representing strategic action bi-directional (i.e., the strategic action 
becomes a negotiated process between organizational desire (normative) 
and organizational capacity (operational), while Beer (1979) in the VSM 
achieves this by creating the "3-4-5" homeostat, effectively including 
operational management in the meta-system that Ashby creates outside 
his "reacting systeln". 
As a practical measure at this stage of the paper (i.e. before the formal 
derivation has been presented) the pure form of the VSM is used as, it is 
believed, it has the advantage of ease of completeness of coverage over 
the requirements of the standard. 
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System Five 
System Four 
System Three 
- That element that I have labelled 
"Policy". This element represents/creates 
the identity of the organization - it is this 
identity that provides the basis for deciding 
between the recommendations for change 
(provided by system 4) and constraints on 
capacity (provided by system 3). 
That part that I have labeled 
"Intelligence" which 'scans the 
environment' . System four IS an 
effectiveness machine and is responsible 
for the identification of 'opportunities or 
threats existing in the environment. 
- That part of figure three that I have 
labelled "Operations Management" which 
sets operational performance targets and 
allocates resources to the operational units. 
System three is an efficiency machine, as 
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System Two 
System One 
such it is responsible for the identification 
of 'strengths and weaknesses' existing 
internally. 
- The line to the far right of the diagram. 
System two "co-ordinates the activities of 
the various systems one, thus ensuring that 
they make a coherent contribution to the 
performance targets set by system three. 
- The oval shapes in the lower part of the 
diagram. The various systems one carry 
out the activities that make up what the 
organization as a whole does. The strength 
of the concept of recursion is that each of 
the systems one forms a complete viable 
system (at a different level of complexity) 
in its own right. 
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Three Star (3*) 
The Command Channel 
The Algedonic Channel 
- The line to the far right of the diagram. 
Three star is the "audit channel", it carries 
information regarding the performance of 
the various systems one back to system 
three for analysis. 
- The two heavy lines to the centre of the 
diagram which connect all the systems one 
together. This is where performance 
targets and resource allocation/negotiations 
take place. It is through this channel that 
system three controls the activity of the 
systems one. 
- The heavy dotted line to the left of the 
diagram which connects all the boxes 
together. The algedonic channel 
communicates 'pain' , where immediate 
andlor critical threats to the survival of the 
organization are identified it allows its 
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immediate communication to all parts, 
superceding normal channels of 
communication. 
The detailed workings of the viable system model will be addressed in 
later chapters (as will the modifications/reinterpretation of it proposed as 
part of this research). 
An additional advantage gained from the choice of related models (i.e. 
the "ultrastable system" and the "viable system") is that the area 
surrounded by the dotted rectangle (at the top of figure three) constitutes 
an 'Ashbean' ultrastable system in its own rightl. This is not surprising 
as Beer in his own work (e.g., 1994, p. 236) refers back to Ashby's. 
Beer's contribution, in his definition of the viable system model has been 
to add more organizational detail, both in the areas Ashby defined as the 
"essential variables" and "parameters" (i.e. the meta-level of the 
organization) and that he called the "reacting system" (i.e. the 
operational level of the organization). 
I This has proved to be a significant advantage in practice (i.e. during actual consulting interventions) 
as it allows for the appropriate focus of the model to be used. TImt is to say that . strategic' discussions 
can be focused using the ultmstable system model (thus remo\'ing the need for operational detail) and 
'operational' discussions with the complete VSM at a particular level of recursion. 
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The Differences 
In ISO 9001: 1994 standard the aIm is to demonstrate "capability to 
design and supply conforming product" and "achieving customer 
satisfaction by preventing nonconformity at all stages". This version of 
the standard is said to be applicable when: 
"Design is required and the product requirements are stated 
principally in performance terms, or they need to be established'; 
"Confidence in product conformance can be attained by adequate 
demonstration of a suppliers capability in design, development, 
production installation and servicing". 
However in the CD2 version the standard aims mainly at: 
"Achieving customer satisfaction by meeting custonler 
requirenlents through the application of the .\yslem. the continual 
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improvement of the system and the prevention of nonconform ity" 
(1.1 ). 
and further that 
"The requirements specified in this Standard are generic and 
applicable to all organizations, regardless of type and size" (1.1). 
It is apparent from this change in the emphasis in the wording that the 
intended focus of the standard is moved: 
away from the operations of the organization to the operation of 
the standard; 
apparently away from simply production, to include the more 
service oriented elements of organizations. 
The effect of this change of emphasis will be to extend the applicability 
of the standard across more organizational functions. In particular it will 
tend to impact most on the planned provision of human resources and the 
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establishment of infrastructure as these areas were largely unspecified in 
the 1994 standard. This will mean that the management of an 
organization aspiring to the 2000 version of the standard will need to 
think through the structural aspects of their operations in order to comply 
with the specifications presented. 
A second difference in the new version of the standard is the possibility 
of a reduction in scope of the requirements (1.2) where "customer 
requirements, or the nature of the product and/or service, do not require 
certain quality management system requirements for the processes 
'fi d " specI Ie .... In effect the standard is recognizing that not all 
requirelnents will be appropriate to all circumstances and allowing, under 
specified conditions, the host organization to exclude them from the 
scope of any proposed registration. 
However such a reduction of the scope of the requirement of the standard 
explicitly does not "absolve the organization of the responsibility to 
provide product and/or service which meets customer requirements". In 
addition a reduction in scope removes neither responsibility for 
cOlnpliance with any legal or regulatory requirements (NOTE I, 1.2) 
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nor, should legal or regulatory requirements necessitate change to the 
quality management system which takes it outside the scope of the 
standard, will any revised quality management system necessarily be be 
sufficient to the requirements of the standard (NOTE 2, 1.2). 
In practice any reduction in the scope of the requirements is likely to be 
where the organization would not, under the 1994 standard, have been 
seeking ISO 9001 (e.g. where there was no design element) and therefore 
did not have particular processes under internal control, or where the 
nature of operations render particular elements of the model 
inappropriate (e.g. the use of statistical process control in a serVIce 
industry). 
In all cases "Exclusions are to be defined within the organization's 
quality manual". 
Another overt intention (which has been repeatedly raised in fonnal 
BSI/ISO presentations relating to the introduction of the 2000 version) 
behind the introduction of the new standard, and the revisions to its 
structure, was the rationalization of the language (within and between 
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standards) and an explicit attempt to bring the management role more 
closely under the control of the quality management system. This should 
not cause any undue stress to organizations that used the ISO standards 
to genuinely improve the way they did business, but, for those who were 
seeking certification in isolation from the desire to improve the business 
it is likely to cause a certain 'culture shock'. 
This shock is most likely to be caused by the logical consequences of the 
eight principles (discussed below) and their impact if applied 
consistently in the area of "management responsibility". 
The idea of transparency of operation that seems to be implied here is 
intended to ensure that the workings of the organization and the 
structures for quality control are easily understood. If the organization 
functions in a "blame-centred" or a "knowledge is power" centred 
manner, there will be little incentive to admit and identify mistakes or 
share knowledge. It will be necessary to pay attention to the cultural 
issues (see, e.g., Huczynski and Buchanan, 1991, for a discussion) such a 
move in attitude will need in order to be accepted in the organization -
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asking people to willingly engage in weakening their position in the 
organization is unlikely to succeed. 
An extension of the notion of transparency is the principle of "fact (or 
"evidence") based decision making,,2. This principle is intended to lead 
to greater objectivity in the decision making process, removing the 
potential for bias and/or the suspicion of the abuse of position (see, e.g., 
Huczynski and Buchanan, 1991; Jennings and Wattam, 1994). It is 
apparent that, to operate effectively, both these principles will need to be 
used together - transparency of operation will demonstrate the 
objectivity of decision making, and objectivity will encourage 
transparency. 
Although the ability manage change 3 (or the notion of "controlled 
change") sounds desirable enough it implies that "change is normal" and, 
however much organizations may know this with their "minds", that is, 
however much they can accept this intellectually, they generally do not 
"feel this in their hearts". The requirement (in C02) for continual 
improvement underlines this idea and, to some extent, also endorses the 
:: A tenn that has been widely used in fonnal BSIIISO seminars. 
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TQM style of improvement, i.e., incremental or gradual gain (see, e.g., 
Flood, 1993, p. xvi). However sometimes what is needed is radical 
change 4, which implies the structural ability to recognize and implement 
a complete redefinition of organizational values. An example of this is 
the change needed for a full implementation of the thinking behind CD2. 
Because of the way that the new standard appears to be heading it is 
apparent that the "management responsibility" clause will impact all 
areas of the business. Organizations who, in the past, have been content 
to 'badge hunt' will find that redesigning their systems to conform to the 
new requirements will bring the need for a complete rethink of the way 
they run their businesses. Simply' going through the motions' is unlikely 
to satisfy the certification bodies. 
3See, e.g., AckofT, (1981). 
-4 It should be noted that although this sounds similar to the notions propounded by the advocates of 
Business Process Re-Enginccring (see, e.g., Hammer and Champy. 1993) this would be a 
tri\'ialization of the nature of the change intended. Here the intention is to convey a notion of the 
ability to implement a complete redefinition of "self'. BPR redefines only the processes necessary to 
an 'already existing' organi7..ation and the values that define it - here it is the ability to recognize and 
implement a redefinition of these \'alues. 
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The Eight Principles 
The construction of the standard IS said (by ISOIBSI in vanous 
presentations and in pre-launch literature, see "References" for this 
chapter) to have been founded on eight "quality management principles" 
gleaned from consultation with "quality experts" (none of whom were 
identified) around the world. These principles are: 
Customer focused organization; 
Leadership; 
Involvement of People; 
Process Approach; 
System Approach to Management; 
Continual Improvement~ 
Factual Approach to Decision Making; 
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Mutually Beneficial Supplier Relationship. 
(source BSI presentation) 
Whilst it can be seen that the principles above can provide organizational 
benefits there is also a danger that they will become little more than 
platitudes in the implementation of formal quality management systems. 
Customer focus, for example, is an integral part of most of the literature 
relating to the quality movement (see, e.g. Beckford, 1998; Flood, 1993 
for comprehensive reviews). A similar function can be found, if the term 
is read as "environmental awareness" as a necessity in the design of 
systems using cybernetic principles (see, e.g., Ashby, 1960, pp., 36, 80 -
99, 115; and Beer's definition of the role of "system 4,,5, e.g., 1985, pp. 
110ff.). 
The notion of leadership, presumably derived from the "Business 
Excellence Model" which appears extensively in ISO/BSI literature (see, 
5 Note that this docs not preclude the connexion of individual "systems one" \\ith the environment. 
However. a logical outcome of the concept of recursiOlt as applied to the VSM necessitates that these 
individual "systems one" arc connected to the environment by the ··system four" of their level of 
recursion. 
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e.g., www.e!qm.orglimodellmodelintro.htm) IS also problematic. 
Leadership (in this context) in relation to the principle of the "factual 
approach to decision making6 (see later) and the "involvement of people" 
seems to create the conditions for a contradiction. It defines an 'elite' 
(i.e., the leaders) which therefore excludes outsiders (i.e. the led) from 
the decision making process 7; the danger is that this apparent 
involvement becomes a marketing exercise, the encouragement of 'buy-
in' rather than genuine inclusion. 
Similarly there is a danger in the adoption of a "process approach" and a 
"systems approach to management". Given the level of understanding 
demonstrated in CD2, these principles may oppose each other to the 
extent that the organizational system will merely be an aggregation of the 
processes identified - taking little or no formal account of qualities of 
emergence or wider implications8. 
6 This is because efficlive leadership will create the value set that detennines the relevance of the facts 
used in decision making. This can. in the maImer of Beer's "hwnpty dumpty" paying words extra 
(Beer, 1966. p.88) prejudicc the effectiveness of the organization by ensuring that the relevant facts 
are not the organizaliona/~" appropriate facts. 
, This is an example of the sitUt1tion Ulrich's critical methodology (see. e.g .. Flood and Jackson, 1990, 
fP. 197 IT: Ulrich. 1981: 1991) was intended to counter. 
This lack of understanding of emergence possibly explaining the inability to conceptualize service as 
an emergent property of its delivery and. therefore. the missed opportuni~' in relation to the "special 
processes" mentioned in chapter two. 
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Similarly the principle of "continual improvement". Whilst conveying 
the notion of quality improvement, seems to relate (see previous chapter) 
only to the operation of the quality management system. Although it has 
become part of the new 9004 document ("Guidance for Performance 
Improvement"), it is difficult to see how it could operate effectively in an 
organizational structure with a monotonic leadership function. 
The notion of fact-based decision making9 is gaining acceptance in areas 
outside the traditional quality management area, there is, for example, a 
movement in dentistry (see case study later) to what has been called 
"evidence based diagnosis". At this level of consideration it must be 
admitted that this notion will have a positive effect. However this must 
be considered in the context of the comments made earlier relating to the 
definition of relevance in so far as there is an enforced, rather than 
shared, value set underlying the 'factuality'. 
9 "Fact-based decision making" scems to be an extension of the "rationar model (sec. e.g .. Huczynski 
and Buchanan. 1991 or Jennings and Wattam. 1994). The extension coming from the ability to 
demonstrate the evidence or information upon which the decision was taken. The legitimacy of the 
inclusion of tlus evidence or information in the decision making process is. of course. a higher order 
question. As such it is susceptible to Ulrich's (1980) critique. and demonstrates the point raised earlier 
relating to "Icaderslup". 
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The final principle, "mutually beneficial supplier relationship~' also has 
much to commend it. The developtnent of collaboratiye relationships 
with suppliers can bring benefits to both parties in terms of quality of 
prOVISIon, predictability of supply/demand and costing/pricing. 
However, when taken In the context of the requirelnent in the ne\\' 
version of 900 I that: 
"The organization shall monitor information on customer satisfaction 
and/or dissatisfaction ... " (BSI, 1999a, p. 21)~ 
it appears that an opportunity to provide infonnation relating to 
ilnplementation of the requirements of the standard has been missed. 
This is because (again supported by interviews with quality Inanagers) 
Inost tnanagers understand the nature of a customer/supplier relationship 
fortn the side of the custolner - however they have difficulty when they 
are placed on the other side. When it was pointed out to these managers 
that the relationship was reciprocal, i.e., that developing a supplier 
relationship required the SaIne kinds of infonnation \\herever in the 
supply chain Iheir organization stood, and that in soliciting CllstOlller 
sat i s faction data the suppl ier/custolner re lationsh i p still existed although 
now they were the supplier not the customer, it became clear to them 
that the information they were soliciting from their customer was the 
same as the information they were giving to their suppliers the 
requirement seemed less daunting. 
The Management Model 
As mentioned earlier, one of the principles underpinning the 
construction of the new standard is the "process approach" and that it is 
considered central to the standard can be judged form the following 
extract from an ISO document relating to it: 
"Any activity or operation which receives inputs and converts them to 
outputs can be considered as a process. Almost all product and/or 
service activities and operations are processes. 
F or organizations to function, they have to define and manage 
numerous interlinked processes. Often the output from one process 
will directly form the input into the next process. The systematic 
identification and management of the processes employed within an 
organization, and particularly the interactions between such processes, 
may be referred to as the 'process approach' to management. 
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This International Standard encourages the adoption of the process 
approach for the management of the organization and its processes, 
and as a means of readily identifying and managing opportunities for 
improvement." (ISO, 1999, p. 6, italics added 10). 
Figure two is a representation of the current model being promoted by 
the ISO and its member national bodies. Previous versions of the model 
had included an explicit reference to Deming's (1986) "plan-do-check-
act" cycle although this was (reportedly) removed when it was realized 
that the model itself represented such a cycle. 
The four areas of concern represented by the explicit clauses in the 
standard are present and are shown as connected to the customer by way 
of arrows in and out of the model. The solid arrows (at the bottom of the 
diagram) represent customer requirements being fed in to the realization 
process (left) and the outputs of these processes being sent to customers 
(right). The dotted lines (towards the top of the diagram) represent 
customer satisfaction measures being fed in to the quality performance 
measurement process (right) but little information regarding the dotted 
10 The reason for the italicization of the word • systematic' is to counter position it to the word 
·systemic'. Although the extract also mentions the "interactions between processes" it is apparent 
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line at the top left is forthcoming (either in the documentation r In 
discussion with members of the standards bodies) and it i pre umed that 
this relates to some 'higher level' relationship between the h t 
organization and its customers (possibly contract negotiations/review . 
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The arr w defining the cycle within the boundary of th lTIod 1 all \ it 
t b illt rnally 1f- nit nt and th final lar arr \ th 
b und r t p n ht n' tl id ntifi th ntinual im r 111 nt 
fr III Ih \\ id r m [Jili n fIll xlra I that tll \. rL 11 int rpr tati n i r u II m t. r 1, rdlll g til 
A 
activity as meta-systemic as in the essential ariable 1 m nt f 
Ashby's "ultrastable system" (Ashby, 1960 pp . 42 81 - 85 and B r 
"3-4-5" homeostat in his "Viable System Model (Beer an u 
However, by not differentiating the "management respon ibility 
between operational (e.g. Beer's system 3) and normati e (e.g. Be r 
system 5) the move to the meta-systelTI is one way. Although there i 
obviously an assumed connexion back from the improvements lTIade i.e. 
the re-definition of self) to the operational level it is not made explicit 
within the lTIodel. 
A second problem with the lTIodel as it is presented is the absence of any 
attelTIpt to lTIodel its recursive nature. The fact of the removal of the 
plan-do-check-act" cycle when it was realized that the whole cycle al 0 
po essed these characteristics betrays a strictly hierarchical view of the 
rganizatiol1, whereas it would have made more sense (certainly frOlTI the 
VI w f the cybernetics theories contained in Beer V M t ha 
r pr en ted the whole lTIodel within it elf. Althou h it Inay b ar II d 
that th ch vrOll contained in id the r alizati n b ' hint at thi 
n ti n th r n n r ilnpli it u f it n \vh r 
r nni / . ..1 li Il n Ih lIJIl r i t pr ralh r tJl n ( n In r nl ntity. 
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in the documentation relating to the standard. And it mu t be add d that 
the implication of the notion of leadership rather than identit di u d 
above, leads to the ability to define and implement impro m nt b In 
perpetually outside the range of possibilities to any element f th 
organization under scrutiny - thus the model cannot be truly recur i e. 
Critique 
The purpose of this section was not to devalue the effort r 
achievelnents thus far of the people responsible for creating the new 
tandard. It is a far reaching and thoroughgoing re ision of the earlier 
verSIon. The problem lies not in the words, but in the apparent 
understanding of organization that lies behind thelTI. 
The first problelTI is a teclmical one, it relates to "standards in general 
rather than to the standard in particular. By creating a system which 
r pr nt part of the organization in isolation and not elnb ddin it in 
n v rarching lTIodel which places it in conte t th natural r a ti n 
p ciall when that part i to b a e ed i t n ntr t n th 
p r ti n f th t m r th r th n th r ani z ti n it i th r t II ri . 
The process model adopted, e en when it i embedded in th 
model is relatively shallow, for example it separate re lifC 
\\,1 r 
frm 
management from inputs. Whilst this may facilitate a greater a f 
understanding of the concepts contained in the model it doe n t 
the problems of re-integrating them into a coherent whole . 
Going further, the lTIodel as it is presented also (a predicted) fall £ ul f 
the incolTIpleteness theorelns in that the attelTIpt to render it internally 
consistent has brought about the need to externaliz the proce f 
change. Otherwise the organization, and its quality management y tern 
is in a pennanent state of flux rendering rational decision making 
problelnatic. This leaves the QMS as a lTIonotonic y teln with chang 
ilnposed froin outside thus precluding the possibility of the invol ement 
of people and the ability to plan for all but the most Inin r f 
P r ti nal change - i.e. it iolates a number of the principl it 
tabli he it elf upon. 
M r IInp l1aotl thi xt rnaliz ti n f th auth rit t nti n 
an ti 11 h n PI' 1 ud a t n It f r LU' i tru tur n 
thu nd 11111 it If t III in I 111 I x ntr I 
model. This means that the organization loses the benefit f mana in 
individual units as "black boxes' (Ashby, 1964 pp . 86 ff. · B r Ip. 
40) and, almost by definition will fall foul of the la\ of' r qui it 
variety" (Ashby, 1964, pp. 202 - 215) where the ariety of the Inanab r 
or management team (control system) is less than the variety of th unit 
of the organization it is attempting to control. 
By not addressing the continual imprOVelTIent i sue the lTIodel ad pted 
precludes access to the advantages of ilnplementing recur i e trUCtllf . 
And thereby precludes variety in the organization (i.e. it mu t reduce th 
complexity of the organization to a level where the ariety Ie el do 
Inatch - which also reduces potential respon e to en ironmental 
delTIands and reduces the possibilities for survival - or relinqui h the 
ability to control the organization at all. 
t a III r g neral level even the er ion of the requir m nt pr nt 
in I I D 9004 :2000 i int mally In n t nlc thi In n tIl t n t 
tabh h d it r 111 aln tru r n alu Ii h d it r In In 
v lid . Thi I all d p II u ar In t-
" h it r V I Ii int)' 111 th 
decision making. However it precludes the possibili of leamin \\'hi h, 
in a practical sense, means the changing of alues or th di cardin .... 
" facts" to accept new, or revise old, ones that are Inore appr priat t 
current circumstances . 
A final point, and one which I believe is as ilnportant t the uptak f 
management systelns in general as theoretical rigour i that they mu t 
deliver demonstrable business benefits . I have said earlier that I c n id r 
the process of ilnplelnenting the new standard to be a u eful x r 
(this parallels Patten ' s remark that plans are nothing but plannin 
everything), but this process is discrete - it come to an nd . Unl 
once this process is cOlnpleted, it leaves behind a management y t m 
that reflects the nature and dynarnisln of the organiza6 n the cl i nt 
rganizati n will not be capable of the ongoing adaptation nece ar t 
it urvival . 
h n \ f I 9001 and I 004 111 mm n \\ ith th r 
t nd rd d 11 t ha thi apa it and ar thu t th f 
h Inpi n £ r han r n I) I d r ' . h n III til 
organization is, because of this, almost always cn 1 Inanagem nt' 1 
cannot, over the medium to long term, e er be planned. 
The Standard and the VSM 
Overlaying the functional capacity of the VSM with the general 
requirements of the standard (as figure six, below) lnakes it po ibl t 
locate the requirements of the standard within the functional ar a f th 
VSM. Thus (at this level of recursion), it can be een that: 
Managelnent Responsibility reside in the Ineta-Ie el but i 
elllbedded throughout the organization b cau e of th 
recursive natw"e of the lllodel ' 
R OlU'ces Managelnent reside with operati onal 
Inanagelnent (at all level of recursion)' 
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Measurement and Analysis are facilitated (internally) by the 
audit channel (3 *) under the control of operational 
management (at all levels of recursion); 
Continuous Improvement is a 'whole system' issue (based 
on information acquired by "system four") but is also the 
responsibility of individual operational units (i.e., systems 
one) at their level of legitimate responsibility because of the 
recursive nature of the model. 
Summary 
In this chapter a more critical review of the contents of the standard has 
been presented. This was then taken forward into a proposal for a model 
that is nominally capable of both satisfying the formal requirements of 
the standard, based on Ashby's "ultrastable system" and Beer's "viable 
system model". The mapping of the general elements of the standard 
onto the VSM demonstrate that it is feasible to attempt to design and 
build compliant quality Inanagement systems (i.e. which satisfy the 
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requirements of the standards) based on these systems approaches to 
organizations. 
The discussion in this chapter also supports the assertion that, where the 
standard has weaknesses in relation to the functioning of organizations, 
for example in the externalization of the adaptive capacity without 
formal mechanism for its re-integration, the cybernetic model(s) 
proposed have the capacity to overcome them without prejudicing 
compliance. 
In reference to the other aims of the chapter, it has been possible to 
rephrase the language of the cybernetic models to make it more 
accessible to 'lay-users' of the models. The re-wording in the interpreted 
version of the ultrastable system is a demonstration of this, as is the 
response that has been received from various audiences comprised of 
practicing managers around the world. 
Finally, thus far in the exposition of the model none of the concepts used 
have been biased towards either Inanufacture or service provision and so 
the potential application of the model is general. 
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In the four chapters that follow, the derivation of the principles and the 
construction of the final model will be presented, beyond this the basic 
mapping presented in this chapter will be developed into an operational 
model for the development of quality management systems which, 
athough targeted at the service provision sector will be generally 
applicable. 
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Part 
Two 
Chapter 5 
Mathematical Models 
I ntrod uction 
Of Change 
"Nietzsche lI'OS one (~f those who dl'/ec/ed /he 
echo of creations and des/ructions that go far 
beyolld mere C(}llselTotioll or COIl\'t'/".\IOII. 
Illdeed Ollzr dtfferellce, such us u dtfferellce of 
temperature or potential energy, can produce 
results that are also dtf(erence.\. Fllerg\' 
('o/l\'ers/()/I is merez\' the des/ruclioll of 0 
dUlcre/lce, together wi /h the creatioll (~l ww/her 
d{fference. 7he power of n([/Ilre /.\ thus 
cOllcealed by the lise of eqllil'u/cllct'\." (/Z\'U 
Prigogine and Isabelle SILJllgen, Order 0111 oj 
( 'huos). 
In this ne:\t set (of four) chapters I deri\'e the Inodel that informs the 
anal\sis of the case study presented in chapters ten and cleven 
In th is dlapter I \\' i II present a selection of Inathclnat ll'a I Inock Is that 
l·l7 
necessities of the model proposed. In particular the chapter explores the 
notions of: 
self-organization; 
the organization as iterative system; 
context. 
Following this, Ashby's notion of uItrastability is revisited and a 
preliminary consideration of autopoiesis (Maturana and Varela, 1975; 
1980) is undertaken. 
The reasonIng behind undertaking this revIew of essentially 
Inathematical models that would appear more relevant to "chaos" or 
"complexity" theories (see, e.g., Gleick, 1987 and Kaufman, 1995 
respectively) is twofold. First it can be demonstrated that such ideas are 
relevant to Inanagement and organizational change (see, e.g., the work of 
Allen, 1992; 1995; 1997b). And second, because of this, that the integral 
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ability to control systems that appear to obey such principles is likely to 
be of value to managers 1. 
Thus the aim of the chapter is to explore these models and their potential 
to illuminate the formal development of the approach to be taken to the 
case study. Because of this, no formal comparison between more 
traditional approaches to organization theory (see, e.g., Silverman, 1970) 
or Pugh and Hickson, (1989) for a comprehensive review) is 
undertaken. However a 'fIrst cut' attempt is made at the integration of 
the insights the mathematical models provide and the core models chosen 
for the investigation. 
Self Organization 
Perhaps the most fundamental contribution to a 'physics of emergence' 
has been the notion of "self-organization" introduced by Prigogine 
(1980), Jantsch (1980) and developed more recently by Prigogine and 
Stengers (1985). 
I It must also be underlined again that it is not suggested that organinltions are like this. simply that 
they may appear to behm'e in this way. 
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Self-organization provides a model of organizational change where 
systems "far from equilibrium" (Jantsch, 1980, p. 36; Prigogine, 1980, p. 
104; Prigogine and Stengers, 1985, pp. 140-5) spontaneously restructure 
when pushed beyond a given (although generally unknown) structural 
limit. At some point in this far from equilibrium area, the usual attractor 
state (of minimum entropy production) ceases to apply and, the structural 
characteristics of the system become probabilistic. Thus it is possible for 
the system to take on a new stable form, i.e., to move to a state where a 
new attract or applies. 
A characteristic of Prigogine and Stengers' understanding of the 
behaviour of such systems is: 
"The interaction of the system with the outside world, its embedding 
in nonequilibrium conditions [which] may become ... the starting 
point for the formation of new dynamic states of matter - dissipative 
structures." (Prigogine and Stengers, 1985, p. 143). 
The relevant points are the notions of the "outside world", what has been 
called elsewhere environment and '''dissipation'' (in this case it is the 
dissipation of energy). And so it is necessary to consider the ideas of 
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embeddedness and entropy creation as part of the explication of self-
organization. 
A self organizing system cannot be understood in isolation from its 
environment as, if it is, the process of organization (i.e. its differentiation 
from its environment) seems to contradict the laws regarding entropy 
growth. However, as a dissipative system degrades the energy it receives 
from its environment (i.e. the source energy which pushes it into a far 
from equilibrium state) there is an entropy growth across the field of its 
environment as a whole which offsets the growth in organization at the 
local level. That is, self-organizing systems 'pay' for their organization 
(i.e. negentropy) at the local level by increasing the entropy (and/or its 
growth rate) at some global level. 
A much earlier, and more succinct statement of this was gIven by 
Schrodinger in 1943, i.e.: 
"It is in avoiding the rapid decay into the inert state of 'equilibrium' 
that an organism seems so enigmatic ... [n]ature means an increase of 
entropy in the part of the world where it is going on ... [organisms can 
only survive] by drawing from its environment negative entropy -
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which is something very positive ... [t]hus the device by which an 
organism maintains itself stationary at a fairly high level of orderliness 
(= fairly low level of entropy) really consists in continually sucking 
orderliness from the environment ... [a]fter using it they return it in a 
very much degraded form ... " (Schr6dinger, 1944, pp. 72 - 75). 
Here we find Schrodinger describing life in the same way as Prigogine 
and Stengers describe dissipative structures (prigogine and Stengers, 
1985, p. 142). Life, it seems, is a self-organizing phenomenon, a far from 
equilibrium event. Living systems are not equilibrial systems they are, to 
coin a phrase introduced by Cannon (1929), homeostatic. Homeostasis is 
distinct from equilibrium in that although it is the state a system will 
return to following perturbation, it is not a state of minimum entropy 
production. Because of this homeostatic systems are, by definition a long 
way from equilibrium, the attractor is not the point of thermodynamic 
equilibrium but some other relatively stable state. Hence, where the 
'energy tension' created across the whole system (see later) by its 
embeddedness in its environment is balanced by the energy degradation 
process( es) permitted within its structural constraints, relatively minor 
environmental changes Inay instigate radical change in systems' fonn. 
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When taken in conjunction with Prigogine' s self-organizing system it is 
possible to imagine a situation where the homeostatic system seeks some 
established homeostasis between bifurcation points (i.e. those points 
where it undergoes radical change) and appears stable. Only when it 
passes through such a point will such an apparently stable system 
collapse - and then only to a new (possibly pseudo) equilibrial 
structure. This is because the possibility is that the system may form a 
new homeostatic structure (i.e. stable but not equilibrial in the 
thermodynamic sense) or, if not, it may only be stable by moving to 
thermodynamic equilibrium (i.e. death in a biological sense). 
It is possible to understand the operation of the process of self-
organization using the language of Bogdanov's notion of progressive 
positive podbor (1996, pp. 190 ff.) in conjunction with the process of 
equilibration2. That is, a system which is being pushed into a far from 
equilibriulTI state can equally well be regarded as a complex under 
circumstances of progressive positive assimilation; where the quantity 
: TIle tenn "equilibration (referring to the work of Bogdanov) was introduced in the works of Gorelik 
(1987) and Zeleny (1988) to describe a system moving towards an equilibrium point. and extended in 
this interpretation by Sado\'sky (1996). The interpretation used here is different in that here the 
system is not assumed to adapt toward an equilibrium point in any absolute sense The system does 
~ot exist at equilibrium but as and in the process of moving toward a perpetually mobile cquihbriwn 
between itself and its el1virorunent. 
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which is being assimilated is energy. Thus at some point the structural 
capacity of the system to absorb the influx is overcome. At this point, 
the "crisis" in Bogdanov's words (1996, pp. 157 ff.), the system breaks 
down and the collection of hyper-energetic particles seeks3 some stable 
structure within which to reform 4 . 
The form this new structure takes, it appears to me, is critically 
dependent on the proximity of an "attractor" or point of locally maximal 
entropy generation. That is, that the collection of hyper-energetic 
particles will assume the form that maximizes entropy production across 
levels. Which is to say that any increase in organization at the level of 
the particles as a collection taken in isolation will be more than offset at 
the next higher level (i.e. the energy field that constitutes the 
environment). 
Schrodinger (1944, p. 52) provides a structure which appears to support 
this assertion in his discussion of the stability of isomeric molecules. He 
suggests, in explicit sitnilarity to Planck, that stability at the micro-level 
3 There is an implication of intent in this phrasing which cannot of course. exist. A more correct 
phrasing may be "arc attracted toward some physically possible ... ". 
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(i.e. where the numbers of individual atoms are not large enough for 
statistical laws to apply) is brought about by threshold energy levels 
needing to be achieved before extant molecular structures are able to 
transform into isomeres5. That is, that isomeric molecules are 
differentiated stable states of a particular collection of atoms which are 
not simply separate points on a linear continuum but which can be 
imagined as "valleys" separated by a higher energy level boundary which 
must be crossed in order for them to fall back into a different valley in 
order for a 'different energy' isomere to form. 
To relate Schrodinger's model to the original assertion a system must be 
pushed a long way out of its original, stable, form in order to reform in a 
new state. The energy differential between state one and state two being 
absorbed as the 'organization cost' and the differential between state two 
and the threshold value being released into the environment. In this way 
the amount of available energy in the 'wider system' (i.e. the 
{source/energetic particles/environment} system) is reduced, thus 
-I This is not too dissimilar to Simon's (1988, p. 209) "stable intennediate fonns" which, al though used 
in reference to the move towards increasingly complex systems conveys. in the same manner that I 
intend. the notion of a range of stable points given a particular set of constituent parts. 
~ Note that SchrOdinger was one of the 'founding fathers' of quantwll tJ1COI,)" and therefore it IS not 
surprising that tlus "threshold" level has sinularities to the notion of quanta (ie discrete packets) of 
energy being nceded to ~111SC change. 
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· . IncreasIng entropy (calculated as homogeneity) and differentiation 
simultaneously. 
In order to clarify this it is necessary to move a little in front of 
ourselves. If the natural progression of things is toward maximal 
entropy, but the generation of organization is representative of the 
reduction of entropy and if my interpretation of equilibration is correct. 
Then the only way organization can arise spontaneously is if the 
generation of organization in some way also increases the generation of 
entropy. Therefore the {collection of particles/energy/environment} 
system must be solving a pair of simultaneous equations which lead to 
the creation of a structure which maximizes the net product ion of 
entropy. In other words the increase in entropy across the environment 
minus the increase in negentropy, as represented by the net increase in 
differentiation brought about by the formation of the new structure, is 
Inaximal. 
We know that, at the quantum level, there is a limit to the amount of 
energy that a particle can be subjected to before it changes structure, this 
is represented in Planck' s constant. We know also, via the second law of 
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thermodynamics, that the natural tendency of systems IS toward 
increasing entropy and, also, that this is universal. Lastly, if we accept 
the notion of equilibration across fields, we can assume that a relatively 
stable system will attempt to maintain its identity in the face of excess 
energy input through the process of homeostasis. 
So, if a given system in a given environment is subject to energy input 
(or, 'positive' differentiation) there is of necessity a 'hot spot' of some 
sort which acts as a source. Therefore we have a hot source, an 
increasingly hot system and a relatively cold environment which taken 
together at any time to (= the present) are in their minimal entropy state. 
Whilst the system retains structural integrity, entropy in the 
{source/system/environment} system (i.e. one level of recursion up from 
the system in focus) approaches its maximum as the energy content of 
the system approaches that of the source. However if the system is 
pressed beyond the capability of its structure to re-assert homeostasis we 
are presented with a {sourcelhyper-energetic particles/environITIent} 
systeln. Under these circumstances (assuming that the particles 
thelTIselves retain their nuclear integrity) this \vider system is faced \vith 
solving the sitTIultaneous equations referred to earlier. 
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Assume that the entropy growth of the source is constant. Assume 
further that the entropy of the (ex) system is maximal; as indeed it 
must be. In this case the only relevant entropy measure is that of the 
wider system as a whole (see above), and this must of course include 
that of the (ex) system. Therefore the {sourcelhyper-energetic 
particles/environment} system will attempt to maximize the Mis+Mie 
equation. Which is to say that (Mis+Mie)to < (Mis+Mie)tJ < 
(Mis+Mie)t2' This is not to say that Mis and Mie are both necessarily 
increasing over time; only that the net effect is. 
Thus by explicitly including a meta-system (the energy field) into our 
analysis we can arrive at a situation where, conceivably, the growth of 
organization and the growth of entropy can progress in tandem, each co-
determinate of the other. 
Therefore: 
"It seems reasonable to assume that some of the first stages moving 
toward life were associated with the formation of mechanisms capable 
of absorbing and transforming chemical energy, so as to push the 
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system into "far from equilibrium" conditions" (prigogine and 
Stengers, 1985,p. 191). 
Life, it seems, arises by absorbing energy but not getting hot. The 
dissipative structures suggested by Prigogine (prigogine, 1980 and 
Prigogine and Stengers, 1985) allow for the throughput and degradation 
of energy - thus entropy growth across a field is consistent with 
organization growth within it. The growth of organization within the 
field leads to the removal of energy differentials across it. 
Organizations as Iterative Systems 
Following on from the previous section is what mathematicians (e.g., 
Feigenbaum, 1981; Barnsley, 1985) call iterative systems - systems that 
take the output of their operation from time t to use as the input for their 
operation in time t + J . I can say this because many of the self-
organizing systems, dissipative systems described by Prigogine (1980) 
are what Kauffman (1995, p. 49 ff.) describes as "autocatalytic sets" (see 
fig. 1 ), i.e. a system, the output of which, creates its inputs, the conditions 
necessary to their creation or the conditions necessary to the continued 
creation it its outputs. 
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(. our Kauffmall, 19 -, p. -19 
In the lTIode1 of an autocatalytic et gi en in fi gLLr on 
Two dimer mol cule , AB and BA, ar fi rm d from Il impl 
monom r A and B. 111 AB and BA alaI z Ih \ r r a Ii 17 Ih I 
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IIppl) oj ''food mol III (A and B J, il 1 ill u lain it · If " 
K uffman 1995 p. 49 itali in original . 
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III In far a th If P r ti n r at th nditi n n 
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Two simple examples of iterative functions, drawn from the fields of 
population dynamics and fractal geometry respectively, provide an 
insight into the operation of such functions and, hopefully, their 
relevance to organizational modelling. 
The logistic difference equation is used to model population figures for a 
species in an environment with a specific carrying capacity and is written 
thus: 
Where PI is the initial population, r is the reproduction rate, E is the 
environmental carrying capacity and PI + 1 is the population in the 
following period. The interesting feature of this equation is that it is 
sensitive to the reproduction rate and the initial population level (see 
Gleick, 1987, pp. 63/4; Prigogine and Stengers, 1985, p.193/4) such that 
below certain levels the population falls off to zero, whereas above a 
certain level of reproduction rate (typically 3) population levels fluctuate 
wildly in successive years. This effect is usually represented as a 
'bifurcation graph' with successive bifurcations occurring periodically as 
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a function of the increase in reproduction rate F ig nbaurn 1 1 ha 
calculated a universal constant for predicting licce i e bifurcati n 
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The second example, which is probably more well known, is the graph of 
the Mandelbrot see. The formula for this is even simpler than the 
logistic difference equation, thus: 
Where a is some numerical value less than infinity, and X is a complex 
number, i.e. it is comprised of a real and imaginary component (e.g. X = 
3+4i). 
The fonnula is iterated and the number of iterations taken for the value to 
exceed a is used as the basis on which to assign colours to different areas 
of the graph. Those initial values of X where a is not exceeded within a 
sufficiently large number of iterations are usually coloured black. 
As can be clearly seen both these fonnulae contain a 'negative gain' 
element. In the logistic difference equation population is limited by the 
carrying capacity of the environment such that the higher the population 
. Described by Glcick (1987). pp. 222-223. 
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at time t the smaller the number by which the population at time t+ J is 
multiplied. And in the Mandelbrot equation the negative element is 
supplied by the fact that P = -1 and therefore that X2 = (x + 02 = x.:' + 2xi 
-i = (x2_i) + 2xi. 
However, one should note that in the Mandelbrot formula, as in business, 
the constraint is not absolute, it holds only for certain, critical, initial 
values (i.e. those where repeated iterations do no not lead to instability, 
in this case running 0 ff towards infinity). 
A second point which must be made clear is that there is no adaptive 
element in these fonnulae, that is, not only does output from t form the 
input for t + i but the formula remains constant. Whilst this is not 
problematic in the abstract world of mathematics, in the realm of 
individual living, or social, systems a fixed formula must be right (i.e. it 
must accurately reflect both the internal and external dynamics of the 
system), otherwise they will not survive. Later in this chapter I present 
an example where not only is the formula fixed, but also does not 
appropriately reflect the dynalnics of the situation, leading to problems 
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which, whilst the effects are obvious enough, the causes are difficult for 
the organization to cognize. 
Context and Adaptation 
"The early appearance of life is certainly an argument 
in favor of the idea that life is the result of spontaneous 
self-organization that occurs whenever conditions for it 
permit." (prigogine and Stengers, 1985, p. 176). 
That complexity in the adaptive system is a combinative phenomenon is 
made clear by Allen's (undated) statement that: 
"For systems made up of microcomponents with fixed internal 
structure, their interactions can lead to self-organization. However, if 
the microcomponents have diverse internal structures, then evolution 
can take place as the emergent macrostructure affects local 
circumstances ... this affects the relative performance of different 
kinds of individual which in tum changes the macrostructure ... " 
(Allen, undated) 
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In this section of the chapter I will propose a model of an adaptive 
system which, by its recursive application, allows for Allen's statement 
and provides a basis for its conceptualization within the wider milieu of 
which it is an integral part. 
This approach, i.e. to the 'system in context', renders the problem both 
meta-systemic and recursive in that the environment of the system must 
also be viewed as an adaptive system at some higher level of recursion. 
And, as environmental constraints are what the adaptive system is 
presulned to adapt within/to, the environment must form one of its meta-
systems. 
The problem of identity arlses because of the impossibility of the 
recognition of a system as adaptive in the absence of its environment 
and, thus, the apparently arbitrary nature of the definition of any 
particular entity as 'system' in isolation. At this point the model assumes 
the validity of "autopoiesis" (Maturana and Varela, 1975; 1980) which is 
initially integrated at the end of the chapter and introduces the notion of 
the 'eigenfunction' as the basis of systemic identity (both of which are 
dealt with in detail in chapter seven). 
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The mode1 proposed suggests that the system in focus can be represented 
dynamically as a flow in n+ I-space (where n is the number of 
dimensions of its inputs and outputs and the extra dilnension a~ a 
transformation) and therefore, initially, that its input and output surfaces 
can be represented by Poincare sections across this flow (see Ste\vart, 
1989, pp. 61 ff). Because the Poincare section is represented as a disc in 
2-space representing all possible cOlnbinations of input/output valucs 
(including zero probability values) the flow is assulned (for simplicit~,) to 
be circular in section. 
Realistic systems, of course, will operate in more than t\VO dilnensions 
and, therefore, the flows Inodelled represented in a 3· d h.tper-s{Joce. 
That is, a flow in 4+ 1 (representing a systen1 \\'ith four input/output 
dillH:nsions would cut the sllrface of a Poincare section represented by a 
h~'Pcr-disc in 4 dilnensions. 
The idl'ntity of the SYsten1 is represented as an attractor arollnd \\'hich the 
. . 
fhnv orbits but Ill'\er achieves. thus thc flow representing the system In 
foclls can be \isuali/cd as a torus ill l1-spacl' 
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input/output potential cause a disproportionate increase in the number of 
possible input/output states8. 
Hence the model provides for the combinatorial complexity of the 
system, the notion of the identity of a 'system in focus' in the wider 
milieu in which it must be understood, explicitly includes notions of 
meta-system and develops a basis for the complexification of input to 
input critical systems. 
In addition, the hypersphere model provides a basis for the perceived 
robustness of complex systelTIS in nature where the reverse tends to be 
the case in artificial systems (see, e.g. Beer, 1981, pp. 202 ff.) which 
obeys the "law of requisite variety" (Ashby, 1966, pp. 202 ff.) and 
therefore supports Beer's "variety management/engineering" (Beer, 
1981, pp. 279 ff.; 1979, pp.39,69,89, 522). The "variety management" is 
made possible because (when modelled in this way) the input/output 
points of the system in focus (i.e. the values they can take on when 
passing to or from the environment) multiply exponentially because (as a 
8 Tllis is because of the volume relationship (in this case of a sphere) creating an exponential increase 
effect for arithmetical incl'C<1scs in input/output varicty. i.c. (taking flas -=/,): 
where .1r = I: 4/3W = 4/3 X ~/., x 1 (l~) = 88/:'1 = 4.19 (approx.): and 
~., '-llol 
where ..1r = 2: 4/3l1r~ = 4h x --I, x 8 (2) = f.~1 = )5.52 (approx.). 
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flow through an interface volume) they are exposed to a greater number 
of environmental values (Ei - Ei) for any given system input/output value 
(a) (see figure 5). 
This exponential effect, in short, adds substantially to the information 
carrying capacity of the interface (Beer, e.g., 1979, p. 124; 1981, pp. 367 
ff.; 1985, p. 47 ff. calls this transduction). And, it does not matter 
whether this information is understood in the humanistic sense ( as I shall 
use it later in the development of skills based quality management 
systems or in the sense used by Shannon and Weaver (1963) in their 
development of 'information theory'. 
In fact whichever way it is understood small internal increases in variety 
generation produce larger effects on the ability of the system to transfer 
information to and from their environments. This is also supported in the 
work of Ashby in his calculation of the entropy9 of a Markov chain 
(Ashby 1966, p.179) where it (i.e. the entropy or information 
conveyable) is a function of the length of the chain. That is, if the 
9 The word "cntropy" here is the tenn introduced by Shannon and Weaver to measure infonnation 
conveyed in a mcssage. It was coined because the fonnula used to calculate it was the samc as that 
used in thennodynamics. i.e. 
!:P, log P" 
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information conveyable at each step of the chain is 1 bit, the infonnation 
conveyable over x steps of the chain is x x 1. In the hypersphere 
representation this ( two dimensional model) is simply extended to n+ 1 
dimensions, i.e. the information conveyable is that of the plot on the 
Poincare section (in n dimensions) multiplied by the length of the 
trajectory the flow traces through the interface volume. 
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Figure 5: The interface 
In this way complex systems can become more robust not only because 
of their absolute variety but also for the fact that this provides an 
additional transducive capacity at the system/environment interface. 
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Ultrastability and Autopoiesis 
Ultrastability, the ability to "adapt to unexpected perturbation" is posited 
on a notion of 'selfness', represented in Ashby's model by the essential 
variables. The organization that aspires to it, therefore, must develop a 
model of self which it can use to evaluate the environmental information 
available to it and its knowledge of what it is it is trying to achieve. In 
this way each of the activities of the organization can be assessed in 
relation to the question "How does this affect 'me'?". 
It is important to note in this context that it is not the relationship 
between the intention in carrying out the original action and the 
consequent response of the environlnent that is important. It is the effect 
that the environmental response has on the identity of the organization, 
however this is measured. Which is to say that the conformance to 
prediction of the outcomes of action is not the issue. It is whether or not 
the outcomes of actions, as Inediated though the environmental response, 
facilitate the Inaintenance of the identity of the organization within 
acceptable limits. 
172 
Thus the role of the manager, in the attempt to control an ultrastable 
organization (or indeed the researcher in attempting to understand it), 
reaches beyond simply understanding management models of 
environmental manipulation into the realm of understanding the 
organization as an entity with needs. In order to do this one needs not 
only an understanding of the cybernetics of homeostasis and 
ultrastability but also a working knowledge of the organization as a 
physiological entity. This leads to the need to construct a mechanism 
which facilitates autopoiesis. An autopoietic system has been defined by 
Maturana and Varela as: 
" a network of processes of production (transformation and 
destruction) of components that produces the components which: (/) 
through their interactions and transformations continuously 
regenerate and realize the network of processes (relations) that 
produced them; and (ii) constitute it ... as a concrete unity in the 
space that they (the components) exist ... " (Maturana and Varela, 
1980, p. 79). 
The essential variables of a systelTI thus provide the organizational 
measure of seljness against which the appropriateness of organizational 
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action is evaluated. And it is this capacity to recognize itself, the notion 
of self-awareness, applied in the operation of the organization that will 
identify potentially pathological tendencies of methods of operation in a 
dynamic environment. 
A second point IS that the autopoietic system cannot be entirely 
informational, there is a physical element implied in the constitution as a 
concrete entity. Maturana and Varela implicitly recognize that whilst the 
'media may not be the message' it certainly produces it - this is a theme 
I shall return to in chapter seven. 
If we now apply the notion of autopoiesis within Beer's versIon of 
Ashby's ultrastable system, i.e. the "3-4-5" homeostat (see figure six) it 
is possible to locate the functions necessary to achieve it 10. 
That the 'autopoietic relationship' runs between "system 5" and "system 
3" is not surprising, as this is the link between identity and action (see 
Beer, 1985, pp. 128 ff.). "System three" as (in this case) representative 
10 It should be noted that tlus system would remain autopoietic in the absence of the "system four" 
function howcver the system would be merely 'stable' rather than ·ultrastablc·. and would. in effect. 
. . . 
be equivalent to a "3-2-1" homcostat. 
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of the "systems one" is the equivalent of Ashby's "reacting system" and 
"system five" the essential variables whilst knowledge (memory?) of the 
environmental conditions (Ashby's "parameters") is the domain of 
"system four". 
System 4 
Environmental 
Scanning 
System 3 
Operational 
Management 
System 5 
"Self' 
... " 
The autopoietic relationship 
• 
•• 
Figure 6: The H3_-I_5" homeostat with the autopoietic relationship 
In effect "system five" contains a 'blueprint of self whilst "system 
three" contains and controls the activities by which the 'blueprint' is 
realized. In the absence of the "system four" function it is possible to see 
the "3-5" system in its autopoiesis as an autocatalytic system, i.e. given 
the 'blueprint' (or the physical laws governing the reaction) and an 
adequate supply of 'food' the system is able to maintain its existence. 
The inclusion of the "systenl four" function explicitly recognizes the 
existence of an environment (and ilnplicitly the fact that it is capable of 
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change). The inclusion of the environment brings a need to acquire 
information, for example regarding food sources or threats to survival, 
which necessitates the consideration of interface devices capable of 
recognizing first the conditions existing there, and second any changes. 
This is because, as both Ashby and Beer state, the ultrastable system is 
capable of responding to stimuli it has not experienced before. That is, it 
is capable of an adaptive response which can only be brought about by a 
restructuring of the elements that control its actions (or a resetting of the 
equilibrial values of the essential variables, which amounts to the same 
thingll), This form of adaptation can be described (within a completed 
VSM, i.e. one that includes systems "one" and "two" and the audit 
channel three *) as a modification of the performance criteria of the 
systems "one", That is, as a modification of action or behaviour that 
maintains the current integrity of the 'self within new environmental 
constraints. 
A second possibility for change however, is the radical re-definition of 
this 'self, the move from the current region of stability (or "attractor 
II Ashby's statement(s) that: 
..... stability belongs only to the combination ... [tJwo systems. both unstable. may join to fonn a 
whole which is stable ... and may fonn an unstable whole if joined in another ..... (1960. pp. 56n). 
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basin", see e.g. Gleick, 1987, pp. 233 /6) to a new one. Such a shift 
would bring a change, not in the values of the variables needed for 
stability, but in the variables themselves. This is similar to what Ashby 
(1960, p. 93) describes as a "step-function", the ability to make a 
discontinuous shift between regions of potential stability. 
These possibilities for change have the effect of mOVIng the 
interpretation of the autopoietic system from the self-maintaining to the 
self-creating to the self-recreating. The emphasis on 'self being core to 
the interpretation whether this is "informational" (e.g. Beer, 1994, pp. 
210 ff.) or physical (as is implied in Maturana and Varela's definition, op 
cit), as the "what the system does" (Beer, 1985, p. 128) in order to be 
either "viable" or "autopoietic" is to make itself. 
The role of the "systems one", in Beer's words, is not to create what 
would normally be regarded as the output of the system (i.e., In 
cOlnlnercial or industrial terms, the product or service it delivers to 
market), it is to create the system itself. And, given this interpretation, 
allows a basis for biological analogy whereby, e.g.: 
suggest that the essential \'ariables possess a vector like quality such that stability is a characteristic of 
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and 
differentiation within a market may be regarded as genus level 
specialization; 
shifts between markets as speciation. 
The first being a refinement of the current interpretation of 'self, i.e., 
current behaviours are modified to allow continuation of identity in 
changed or competitive conditions, and the second a complete 
redefinition of the self to be maintained. 
Summary 
In this chapter a number of mathematical models were discussed with the 
aim of "exploring these models and their potential to illuminate" the 
construction of the prototype of the model eventually proposed. As 
always, the chapter assumes the basic validity of the principles of 
cybernetics, and that they have a general applicability - whether fonnal 
or simply illustrative or heuristic. 
the whole. hence Ole actual values of the variables has importance only in combination. 
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That most systems which exist in dynamic equilibrium with their 
environments are iterative can, I think be adequately demonstrated in 
fields as diverse as planetary biology (e.g. Lovelock's "Gaia" hypothesis, 
Lovelock, 1995a; 1995b), population dynamics (as demonstrated in the 
logistic difference equation, see, e.g. Gleick, 1987, pp. 63/4 or Stewart, 
1989, pp. 145 ff.) and commerce (in the fact that the resource inputs for 
future periods (i.e. revenues) is a function of the outputs of previous 
periods (i.e. the price and sales levels of products/services 12)). 
And iteration, taken together with Prigogine's model of the self-
organizing system and Kauffman's autocatalytic set provide a basis for 
proposing that autopoiesis can be viewed as a dynamic process of: 
self-maintenance whilst environmental conditions allow an established 
system to approach stable states within current structural constraints and~ 
self-recreation in environmental conditions where the interaction of 
structural constraints and constituent parts are taken beyond this. 
12 Note that this is retuming to the traditional definition of organizational output 
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By thus synthesizing notion of autopoiesis with a representation of 
Ashby's ultrastable system (i.e. Beer's "3-4-5" homeostat) it was 
possible also to arrIve at the conclusion that the function of the 
operational level of an autopoietic system (i.e. Ashby's "reacting 
system" or Beer's "3-2-1" homeostat) was not to create an output which 
was passed across systemic boundaries but to create the system itself13, 
and to maintain this existence over time in a dynamic balance with its 
environment. 
Finally, there are two outcomes from the model introduced to 
demonstrate the necessity of the embedment of the system in an 
environment. The first is its ability to demonstrate an efficient manner of 
increasing sensitivity to environmental stimuli (i.e. the exponential rise 
in the variety of the interface in relation to arithmetical rises in internal 
variety 14). And the second in that, by modeling both the system in focus 
IJ An interesting conclusion to this line of reasoning is that the "products" of commercial companies 
arc waste products of the maintenance of the organization, rather than the organization being necessary 
to the provision of the product. 
14 It should be noted that tlus strongly supports the critique of quality management through "ariet)' 
reduction (in chapter four) and. by implication. the "skills based" approach to the quality assurance of 
service provision. 
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and its environment as flows, the re-iteration of the dynamic system as 
iterative 15. 
It is suggested that when the insights from these models are integrated 
with the 'active' cybernetic models selected (i.e., with the ultrastable 
system or the "3-4-5" homeostat of the VSM) they provide some formal 
basis for the consideration of autopoeisis, stability and change. These 
considerations, along with those from the next chapter, are developed 
further in chapter seven and formalized into a coherent model in chapter 
eight. 
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Chapter 6 
Biological Models 
of Change 
Introduction 
This chapter concludes the discussion of Illodels and Inechanisllls of 
chan~e III iso/at ion. The reason for such a detailed consideration is the 
L 
belief (argued for in chapter seven) that the key to survival lies not in self 
identity but in self silni/arity. That is that the --viable" systeIll maintains 
its ,iabilit~1 by changing (ho\\"ever slightly) in each ne\\" recreation of 
itself. 
\\'herl' the pre\ious chapter considered Illodels of systelnic change "in 
the abstract' this chapter considers applied change, This c()Ihideration 
of bioll)gical change arises tt-Olll an interest \lI/TI\'a/ or '", iability" That 
is, the question of why such relatively fragile entities as living things 
should be able to display so tenacious grasp on existence. In other words 
"How can something so obviously fragile be so apparently robust?". The 
chapter concludes by proposing a structural model of change based on a 
synthesis of the biological models discussed and which is consistent 
with the rubric of the VSM and the ultrastable system. 
The idea that a living entity is a function of its environment (a conclusion 
I share) has been accepted at least since the time of Lamarck. The fact 
that Lamarck's model was eventually rejected in favour of Darwin's is 
not really the point. The point is the statement and acceptance of the fact 
that an organism or population of organisms changes as a result of the 
pressures placed on it by its environment. 
Living entities are not unconditionally or absolutely robust, their 
robustness is an emergent property of their adaptedness to their 
environlnent. Thus, in biological terms, robustness is relative (ask a 
hedgehog on the M6). 
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The most widely accepted model of evolution is that of "natural 
selection" presented in Darwin's 'Origin of Species' (fIrst published in 
1859). However, today's orthodoxy was not universally accepted at the 
time, indeed when 
"[T]he Origin of Species by Means of Natural Selection appeared ... 
[I]t was greeted with violent and malicious criticism" (preamble, 
Darwin, 1985). 
Lamarck's "inheritance of acquired characteristics" (Lamarck, 1914), for 
example, presented an equally convincing argument and one, as we shall 
discuss later, which may be more appropriate to management science. In 
this discussion I shall also consider Kimura's "neutral theory" (Kimura, 
1968 and 1983), which suggests that the vast majority of genetic 
mutation is selection neutral; therefore overcoming the problems of 
Darwinian selection by providing a mechanism for offsetting its 
reductive tendency. And Bogdanov's "podbor" (Bogdanov, 1996, pp. 
175 ffl.) which provides a much more 'modern' model of systetnic 
adaptation. 
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Natural Selection 
The Origin of Species by Means of Natural Selection (Darwin, 1859), is 
now regarded as being the seminal scientific (i.e. non-creationist) 
account of the existence of the many, diverse life forms we now observe. 
Paradoxically however, Darwinian evolution does not rely on adaptation. 
Individuals do not adapt to their environment in Darwin's model; 
populations evolve through the selective reproductive advantage gained 
by individuals that have characteristics more suited to their environment 
than their counterparts. These characteristics are not developed over the 
lifetime of the individual as: 
"Natural selection can act only by the preservation and accumulation 
of infinitesimally small inherited modifications ... " (Darwin, 1985, p. 
142; italics added). 
From the language Darwin used it is obvious that he considered natural 
selection to be a positive force for the improvement of "organic beings". 
In this way each population, being comprised of innulnerable individuals 
in their turn possessing Ininor variations, would gradually come to 
I One should note that in this tmnslation "podbor" has been rendered as "sclection". although. more 
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possess characteristics which uniquely suited them to their place in the 
world. Thus the environment, in all its pre-existing diversity is the 
driving force of the origin of species. 
"It may be said that natural selection is daily and hourly scrutinising 
... every variation, even the slightest; rejecting that which is bad, 
preserving and adding up all that is good; silently and insensibly 
working ... at the improvement of each organic being in relation to its 
organic and inorganic conditions of life." (Darwin, 1985, p. 133). 
The problem is that selection is not positive. Natural selection does not 
choose those characteristics that are suited to a particular environment it 
eliminates those which are not; natural selection is negative. And the 
negative selection of unsuited form leads to the reduction of variety both 
within a given environlnent and a given population. 
Darwin's model was also far from immune to the influence of the social 
and political orthodoxy of the day, as is demonstrated in his proposal of 
the "stnlggle for existence" (Darwin, 1985, pp. 114 ff.). Based on his 
acceptance of Malthus' doctrine concerning the arithmetic growth of 
recently. this has been challenged by Pustylnik (1995) and Dudley and Pustylnik ( 1995). 
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resource and the geometric growth of population (MaIthus, 1803) Darwin 
comes to the conclusion that: 
" . .. as more individuals are produced than can possibly survive, there 
must in every case be a struggle for existence ... [I]t is the doctrine of 
Malthus applied with manifold force to the whole animal and 
vegetable kingdoms ... " (Darwin, 1985, p. 117) 
And, as Darwin states later; 
" ... the struggle almost invariably will be most severe between the 
individuals of the same species, for they frequent the same districts, 
require the same food, and are exposed to the same dangers." (Darwin, 
1985, p. 126). 
Thus arIses an intra-specific war where those which are most alike 
cOlnpete most fiercely against each other for increasingly scarce 
resources in, quite literally, a fight to the death. This war is won by those 
(individuals or groups) in the population that possess even the slightest 
advantage, and so go on to breed. This increases the percentage of the 
population that possesses the desirable characteristic. The losers are 
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doomed to extinction through premature death and the inability to 
reproduce; there is no reprieve, no opportunity for its later acquisition. 
Taken together, negative selection and the struggle for existence should 
lead to the irrevocable loss of particular biological patterns and, with a 
fixed environment, imply the evolution of a single, super-species which 
is perfectly adapted to it. This, of course, is the complete opposite of 
what Darwin wished to prove. 
Darwin was not unaware of the advantages for survival to be gained from 
differentiation, although, in relation to the "struggle for existence" it is 
presented in the negative: 
" ... the struggle will generally be more severe between species of the 
same genus ... than between species of distinct genera ... " (Darwin, 
1985, p. 127). 
To present this in reverse, the struggle will generally be less severe 
hetween species 0.( d!fferent genera than between species of the same 
genus. Hence the more different two populations are the less intense is 
their competition likely to be. 
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It is apparent that Darwin was aware of variety generation in the 
evolutionary process but was limited by the absence of an understanding 
of genetics. As we can see from Darwin's conclusion that: 
". .. we may conclude that in many organic beings, a cross between 
two individuals is an obvious necessity for each birth ... " (Darwin, 
1985, p. 147) 
thus variety in the Origin is combinative (see Darwin, 1985, pp.142-
147), based mainly on sexual reproduction. This however does not 
overcome the essentially negative nature of selection. 
A more powerful force for the generation of variety is Darwin's tacit 
acceptance of a co-evolutionary process demonstrated in the statement 
that: 
I can understand how a flower or a bee might slowly become, 
either simultaneously or one after the other, modified and adapted in 
the most perfect manner to each other, by the continued preservation 
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of individuals presenting mutual and slightly favourable deviations of 
structure." (Darwin, 1985, p. 142). 
Taken together, combinative variety generation as a result of sexual 
reproduction and the possibility of a moving environment go some way 
toward assuaging the reductive tendency of the overall model. 
Unfortunately Darwin seems to have disregarded the wider implications 
of the co-evolutionary paradigm and, due to the fixed nature of 
individuals during their lifetime, an infinitely varied environment is 
necessary for natural selection to continue to generate variety 
indefinitely. This is, of course, quite consistent with the Victorian 
attitude and it is not surprising to find it reflected in Darwin's thought; 
however some further force or tnechanism is needed to complete the 
model of natural selection. 
Neutral Theory 
Kimura's "neutral mutation-random drift hypothesis" suggests that the 
fixation of change at the molecular level and, therefore, genetic diversity 
is the result of largely random Inutation in the nucleotide sequences that 
provide the code for alnino acids. If applied in the strong sense this 
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means that, far from being caused by positive pressure for change (as 
predicted by the Darwinian model), evolution is driven by fixation of 
randomly occurnng mutations according to the probabilistic 
mathematical models of population genetics. Therefore that the major 
influence on genetic diversity within populations is the "random drift" 
into and out of existence of selectively neutral or nearly neutral 
molecular level mutations; their eventual loss from or fixation in the 
general population being more dependent on initial frequencies than any 
other factor. 
In his paper (Kimura, 1968) Kimura states that the rate of molecular 
level mutation is 
" . .. approximately one substitution in 28 x 106 yr for a polypeptide 
chain consisting of 100 amino acids ... " (Kimura, 1968, p. 625). 
And that: 
"Because roughly 20 per cent of nucleotide replacement caused by 
mutation is estimated to be synonymous, that is, it codes for the same 
amino acid, one amino acid replacement may correspond to about 1.2 
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base pair replacements in the genome. The average time taken for one 
base pair replacement within a genome is therefore 
28 x I06yr /(4XI09/300)/1.2 =[approx.] 1.8yr 
. .. the calculation of the cost [of this high rate of substitution] based 
on Haldane's formula shows that ... the substitutional load becomes 
so large that no mammalian species could tolerate it" (Kimura, 1968, 
p. 625,). 
His conclusion is that the vast majority of nucleotide mutation must be 
"selection neutral"; i.e. that the changes that occur either code for the 
same amino acid or the new amino acid is "synonymous" (i.e. it is 
functionally identical). 
In his later work he presents "The neutral mutation-random drift 
hypothesis as an evolutionary paradigm" (Kimura, 1983, pp. 34 ff.). 
Here he asserts that: 
" . .. at the molecular level most evolutionary change and most of the 
variability within species are not caused by Darwinian selection but by 
random drift of mutant alleles that are selectively neutral or nearly 
neutral" (Kimura, 1983, p. 34). 
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This assertion and the construction of Kimura's "evolutionary paradigm~~ 
is based: 
" . .. on the well known fact in population genetics that mutants do not 
need a selective advantage for some of them to spread through the 
population. If mutants are selectively equivalent ... their fate is left to 
chance ... "(Kimura, 1983, p. 35). 
Thus the drive for evolutionary change is the random mutation of 
selectively nearly equivalent (i.e. they do not have a selective advantage 
of more than the reciprocal of twice the effective population size 
(Kimura, 1983, p. 35» nucleotides rather than the positive selection 
predicted by Darwinian natural selection. Because of this selectively 
advantageous and deleterious mutations (as long as their co-efficient of 
selective advantage falls within the limits stated) drift into and out of the 
population dependent more on initial frequency than selection as to their 
eventual fate. 
Gould takes up this issue in an essay entitled Betting on Chance-and 
No Fair Peeking (Gould, 1993, pp. 396 -406). In this essay he raises a 
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point that is related to the critique of natural selection in the previous 
section, i.e.: 
"If selection controls evolutionary rate [i.e., if selection is positive], 
one might think that the fastest tempos of alteration would be 
associated with the strongest selective pressures for change ... Neutral 
theory predicts completely the opposite ... " (Gould, 1993, p. 401; 
brackets added). 
This neatly defines the criteria by which to test whether or not the neutral 
theory has any value. If, for example: 
"For Darwin, the predominant source of evolutionary change resides 
in the deterministic force of natural selection. Selection works for 
cause and adapts organisms to changing local environments. Random 
variation supplies the indispensable "fuel" for natural selection but 
does not set the rate, timing or pattern of change." (Gould, 1993, pp. 
397/8). 
And if in neutral theory: 
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"The most rapid change should be associated with unconstrained 
randomness - following the old thermodynamic imperative that 
things will invariably go to hell unless you struggle actively to 
maintain them as they are." (Gould, 1993, p. 401). 
Then in deciding which of the two models is correct it is necessary 
initially only to consider the rates of molecular change in genes which 
are selection neutral. This Gould does and states that: 
"The most impressive evidence for neutralism as a maximal rate has 
been provided by forms of DNA that make nothing of potential 
selective value (or detriment) to an organism. In all these cases, 
measured tempos of molecular change are maximal, thus affirming the 
major prediction of neutralism." (Gould, 1993, p. 402). 
This notion of nlaximal rate is central to the argument because of the 
prediction inherent in the positive aspect of natural selection that the rate 
of change will tent to be highest in those areas where the potential for 
selective advantage is highest. 
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This, however, is not the complete rout one may expect. It appears that 
the rate of molecular change is not constant at all levels. Selection does 
also play a part; molecular level change is not entirely random, the 
mutation of selection active genes is damped. This effect is brought 
about by what Gould calls "watchdog selection" a process whereby 
individual molecular level changes are screened not for positive 
advantage, but for damaging effects. Because of this changes that have 
no effect on the characteristics of the organism, and are thus "invisible" 
to the selection process, are allowed to continue unchecked. This model 
of selection has the advantage of being relatively cheap in terms of the 
effort involved in generating change at the molecular level whilst 
retaining systemic integrity. It also has the advantage of explaining the 
possibility of the retention of genetic diversity within a reducing model: 
" . .. we should not overlook the possibility that some of the 'neutral 
alleles may become advantageous under an appropriate environmental 
condition ... neutral mutants have a latent potential for selection ... 
polymorphic molecular mutants, even if selectively neutral in 
prevailing conditions of a species, can be the raw material for future 
adaptive evolution. To regard random fixation of neutral mutants as 
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'evolutionary noise' is inappropriate and misleading" (Kimura, 1983, 
p. xiii). 
Once genetic mutation is freed from the constraint of "positive selection" 
it becomes possible for the gene pool to vary consistently within the 
reducing tendency of Darwinian evolution. And also makes it possible 
for latent selective advantage to be built into the genetic system. 
The Inheritance of Acquired Characteristics 
The "inheritance of acquired characteristics" model of evolutionary 
change ascribed to Lamarck is now discredited as a method of explaining 
biological transfonnation. The notion that: 
" . .. it is not the form of the body or its parts which determines the 
habits, the manner of life of animals; but that on the contrary it is their 
habits, their manner of life, and all the effective circumstances which 
have, in time established the form of the body and of its parts." 
(Lamarck, 1984, p. 415). 
i.e. that the habitual use or disuse of particular elements of form in the 
daily process of maintaining existence will, over time, come to bring 
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about changes in the form of the individual which has these habits; and 
that, once acquired, these characteristics can be passed to subsequent 
generations through the reproductive process, were superseded by the 
work of Darwin, published some fifty years after the original publication 
of Philosophie Zoologique (Lamarck, 1809). 
Lamarck distilled this doctrine into two laws: 
"First Law 
In every animal which has not passed the limit of its development, a 
more frequent and continuous use of any organ gradually strengthens, 
develops and enlarges that that organ, and gives it a power 
proportional to the length of time it has been so used; while the 
permanent disuse of any organ imperceptibly weakens and 
deteriorates it, and progressively diminishes its junctional capacity, 
until it finally disappears. 
Second Law 
All the acquisitions wrought by nature on individuals, through the 
influence of the environment in which their race has long been placed, 
and hence through the predominant use or permanent disuse of any 
organ; aI/these are presenJed by reproduction to the lIew individuals 
which arise, provided that the acquired modifications are commoll 10 
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both sexes, or at least to the individuals which produce the young." 
(Lamarck, 1984, p. 113, italics in original). 
As can be quite clearly seen, the first of Lamarck's "laws" is, according 
to the definition presented earlier, adaptive, that is it allows change in the 
organism during the course of its own lifetime; practice is the 
determinant of form. In isolation this statement is uncontentious as it 
squares with human experience such as the development of muscle in the 
athlete or the progressive loss of muscle tone following illness or injury. 
The frrst law can also be viewed as a model of learning, continued 
practice in the acquisition of skills or knowledge during schooling, 
apprenticeship or instruction in the professions can be relatively easily 
perceived in the same light. And loss of skill due to prolonged non-
practice is also coming to be recognized. 
It is in relation to the hypothesis of the second law, asserting the 
heritability of these acquired changes, that Lamarck's doctrine was 
successfully challenged by the Darwinists. Current orthodoxy states that 
the concretization of strnctural change across generations is not possible 
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on the basis of the behavioural patterns of breeding individuals; the 
blacksmith's son will not necessarily be musclebound. 
Even when set 
" ... in the context of a uniformitarian geology that provided the vast 
expanses of time necessary for imperceptibly small changes to 
produce over countless generations all the different forms of life on 
earth." (Burkhardt, 1984, p. xxiii); 
it seems that nature did not adopt such a mechanism as Lamarck 
proposed. Thus as a model of the natural change of biological fonns we 
must abandon the "inheritance of acquired characteristics". 
However, all is not lost for the Lamarckian model. As Gould states: 
"Human culture has introduced a new style of change to our planet, a 
form that Lamarck mistakenly advocated for biological evolution, but 
that truly does regulate cultural change - inheritance of acquired 
characters. Whatever we devise or improve in our lives, we pass 
directly to our offspring as machines and written instructions." 
(Gould, 1993, pp.215/6). 
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Learning, which Gould (above) calls cultural change, is an adaptive 
process; indeed the notion of learning is meaningless if it cannot be 
recognized as change within the lifetime of an individual. The beauty of 
Gould's statement is the succinct way in which it demonstrates the 
passing of the change across generations. 
Perhaps here, in the areas of individual and organizational learning, the 
inheritance of acquired characteristics can make a contribution to 
knowledge. If we take Gould's proposal, i.e. that enculturation is a 
process of acquiring characteristics and that to be regarded as cultural 
these acquisitions must persist, as a starting point, then it is possible to 
consider the extent to which cultures reproduce and/or change. 
Podbor 
The final model of systelnic change to be considered is Bogdanov's 
"podbor". However, unlike the previous writers, Bogdanov, working on 
this concept in 1912, explicitly includes a mechanism for the role of the 
environment - coining the phrase "bi-regulator" to describe a 
mechanism by which two functionally connected systems each influence 
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the other's behaviour. In the extended extract below Bogdanov describes 
this mechanism. 
"This is a combination in which two complexes mutually regulate 
each other. For instance, in a steam engine it can be arranged such 
that the speed of rotation and steam pressure mutually regulate each 
other: if the pressure rises over the correct level then the speed [of 
rotation] increases as well and a mechanism depending on it then 
lowers the pressure and vice versa. In nature biregulators are also not 
infrequent: an example - the equilibrium system of water and ice at 
o degrees C. If the water warms above zero the ice in contact with it 
takes away the excessive heat, absorbing it in the process of thawing; 
if it is cooled then some portion of the water freezes releasing heat 
which prevents the temperature of the ice from falling below zero. In 
social organization the biregulator occurs very often in the form of 
systems of "mutual control" of persons or institutions, etc. 
The biregulator is a system which does not need a regulation from 
outside because it regulates itself. And it is obvious that if living 
protoplasm turned out to be a chemical biregulator it would be 
possible to explain why materials coming into it do not change its 
composition but rather are arranged into its frame." (Bogdanov, 1989 
vol. 2. p. 97). 
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Bogdanov in his major work, Tektology (first published 1913), attempted 
an explanation of the existence, development and demise of objects in 
the physical world. Although Bogdanov held Darwin's work in great 
respect, calling him the "great father", the intention of the Tektology was 
to go beyond the biological model proposed in The Origin of Species and 
account for universal processes of change. Bogdanov also, in common 
with many Russian thinkers of his time, rejected the influence of Malthus 
on Darwin's work considering it " ... an apology for capitalism ... " 
(Bogdanov, 1996, p. 185) which led him to a rejection of intra-specific 
struggle, "red in tooth and claw" as the basis for universal organization 
and change. 
The mechanism Bogdanov proposed for universal organizational 
developtnent were the two forms of "podbor" or "selection", 
conservative, the "[L]aw obedient retention or destruction" (Bogdanov, 
1996, p. 175) of forms and progressive, "the dynamic element of 
conservation" (Bogdanov, 1996, p.193). Bogdanov did not use the 
Darwinian adjective natural 
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" . .. for in tektology the difference between "natural" and "artificial" 
processes is not important ... The notion of selection, which has made 
its way in the world, first of all in biology, is nevertheless, as we 
admit, a universal one: organizational science must apply it to any and 
whichever complexes ... " (Bogdanov, 1996, p. 175). 
In extending the applicability of podbor from biological to universal 
relevance Bogdanov makes use, in place of intra-specific struggle, of the 
notion of equilibration, or the process of equilibrium seeking. This tenn 
was introduced by Gorelik (1987) and mistakenly defined as movement 
toward the equilibrium. Later work by Dudley and Pustylnik (1996) 
restates the case for equilibration within the wider context of the 
tektological model and posits it as a perpetual process in an open system 
maintained "far from equilibrium" (see, e.g., Jantsch, 1980; Prigogine, 
1880; Prigogine and Stengers, 1985). 
The complex is the fundamental object of Tektology, and is what we 
would now recognize as an open system; its separate existence explained 
as the result of disingression or, the balancing of equal and opposite 
aclivenesses (Bogdanov, 1996, p.136ff.). Thus, for Bogdanov, the 
complex exists in some fonn of balance or equilibrium bet\\'een its own 
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internal dynamics and those of its environment. Changes in either will 
cause changes in the point of balance and, therefore, in the complex in its 
relationship with the environment. Thus a complex, immersed in a 
constantly changing milieu, is constantly having to cope with differing 
points of balance. 
It is against this background that conservative podbor operates in a 
manner similar to Darwinian selection. In conservative podbor the 
"fundament" (Bogdanov, 1996, p.183) of selection is the ability of the 
complex in its extant structural form to attain a balance against 
environlnental pressure. If this is possible, and the structure is retained, 
the complex survives; if not, and the structure collapses, the complex in 
its original form, ceases to exist. An interesting extension to this in 
Bogdanov's reasoning is that, even given the collapse of the extant 
structure, in Bogdanov's model the constituent parts continue to exist but 
in a structural form, or relationship, where balance can be attained. 
Progressive podbor is rather more interesting and Bogdanov was explicit 
in its definition. First, as Bogdanov makes plain in a footnoote: 
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" . .. "Progressive" here originates not from the word "progress", but 
"progression", i.e. a continuous sequence of events, going on in this or 
that direction." (Bogdanov, 1996, p. 203). 
Thus the notion of progressiveness does not imply a particular direction 
or improvement but a continuity of process. 
Second, Bogdanov's conviction that: 
" ... precise conservation is impossible, and approximate conservation 
implies only practically small changes towards the prevalence of 
assimilation over de-assimilation, or the other way round. This alone 
makes the scheme of conservative selection scientifically insufficient 
... generally, it can be easily proved that the real conservation of 
forms in nature is possible only by means of their progressIve 
development~ without it, "conservation" imminently reduces to 
destruction ... " (Bogdanov, 1996, p. 190/1)~ 
suggests that complexes in Tektology are constantly changing; they are 
understandable only as process, as opposed to state oriented objects. 
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This short passage finally disproves the definition of equilibration 
applied by Gorelik (or Zeleny, 1988) as, if a complex is constantly 
changing in response to differing points of equilibrium, it can never rest 
at the equilibrium. Therefore the process of equilibration in Tektology 
maintains the complex in a continual process of adaptation within the 
context of an equilibrium-seeking but non-equilibrium, ingressive2 world 
Progressive podbor functions through the accumulated effects of 
assimilation/de-assimilation (Bogdanov, 1996, p. 190), that is the 
acquisition or loss of the activities/resistances (Bogdanov, 1996, p. 72 
ff.) that constitute the complex. It is necessary to the complex not only 
because of the impossibility of retention through simple conservation 
(see earlier) but also to allow for the development or maturation of 
forms. In Bogdanov's words, its absence: 
" makes problematic the explanation of those cases when a form 
changes by progessive development; to call them "conservation" 
would be inaccurate and, of course, they are not cases of destruction 
... we know that a baby is not just conserved but is developing ... [I]f 
~ Ingression is the mechanism by which "complexes" are joined together. BogdanO\' extends this 
concept to "world ingression", the complete interconnexion of all complexes on the planet (sec 
Bogdano\', 1996. pp. 127 ff. and 1690'.). 
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the baby ceases to grow, we see nothing good in that he remains as he 
is ... we assume that his viability has decreased, that he is threatened 
by degeneration." (Bogdanov, 1996, pp. 190/1). 
Somewhat counter to Bogdanov's assertion, the necessity and 
contribution of progressive podbor lies not in the ability to explain 
change within a particular structural fonn (whether positive or negative) 
as this can be adequately accounted for by the simpler notions of 
conservative podbor or, equally, in Darwin's natural selection. I believe 
that the contribution lies in the notion of crises. Crises are the events he 
introduces as the limit cases of progression in any given direction. 
Other things being equal, the structural integrity (or identity) of a 
complex will remain intact whilst individual variables hold one of a 
range of possible values. This range is not infinite, nor will it generally 
extend to the full range of physical values available to the variables in 
isolation. It will be constrained within the limits set by the structural 
relationships of the complex as a whole. Thus a sustained acquisition or 
loss of activities/resistances will, eventually, force the complex beyond 
its structural capacity to re-equilibrate itself~ that is it will be unable to 
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maintain itself in its previous form. At this point an inevitable, and 
radical restructuring will occur. 
The process of progressIve podbor, through the mechanisms of 
assimilation or de-assimilation, can be seen to be the process of pushing 
an equilibrating complex "far from equilibrium" toward a structural 
"crisis". Some seventy years later, using different examples, Prigogine 
(Jantsch, 1980; Prigogine, 1980; Prigogine and Stengers, 1985) restates 
Bogdanov's notions of organization and crisis; naming them, 
respectively, "dissipation" and "self-organization" (see also Dudley and 
Pustylnik, 1996). 
In Summary 
This chapter introduced four Inodels of change that have, at different 
times and with differing degrees of ( scientific) success, been applied to 
explain evolutionary change in biological systems. All, however, have 
potential utility in the design and investigation of organizations and on 
rnachines to sitTIulate them. 
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Natural selection, in conjunction with the neutral theory, is accepted as 
the mechanism of the evolution of living beings. A negative bias on 
selection, such as that put forward by Darwin, seems to be a necessary 
corollary to the expansive tendencies of a reproducing population, and a 
reproducing population seems to be a necessary corollary to a population 
where the individual members have a limited lifespan. 
Darwin's natural selection appears as a normalizing model; operating in 
a conservative manner it 'damps down' selectively non-neutral 
mutations. And KilTIUra'S random drift hypothesis generates the 
possibility of the perpetual change needed to stop the reductive nature of 
this leading to genetic homogeneity. It therefore seems sensible to 
consider thelTI as two halves of the same model; a model which leads to 
'punctuated diversity', a state of affairs where all things are different but 
are also clustered into stereotypical groupings such as species, genera, 
etc .. 
The inheritance of acquired characteristics, although recognized as false 
in relation to biological evolution, does give indications of promise for 
the areas of cultural or knowledge developlnent. This area extends quite 
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naturally to include management science, providing a basis for motivated 
or directed development. There is little practical difference3 between the 
inheritance of acquired (or accidental) characteristics and the motivated 
(purposeful) development of characteristics for inheritance. A second 
avenue for exploration suggested by this model is the development of 
adaptive genetic algorithms, these can then be used to specify the wider 
system, leading to the possibility of 'structural learning' which may be 
applicable to research into artificial intelligence or artificial life. 
Finally podbor; Bogdanov's notion provides a conceptual framework for 
positioning these other models, suggesting the mechanisms that may 
trigger or instigate change processes. The wider context of the 
Tektology also provides a connexion between the models of the physical 
and biological sciences. 
As with so Inany things in the human study of nature the combined 
Darwin-Kimura model is not the only conceivable solution, simply a 
solution which nature seems to have adopted. Perhaps this is a 
.\ Although there may be a profound ethical difference. 
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consequence of living in a quantum universe. Both Lamarckianism, as 
demonstrated in Gould's statement that although: 
" [M]istakenly advocated for biological evolution '" does truly 
regulate cultural change '" Whatever we devise or improve in our 
lives, we pass directly to our offspring as machines and written 
instructions. Each generation can add, ameliorate, and pass on, thus 
imparting a progressive character to our technological artifacts." 
(Gould, 1993, pp. 215/6.). 
and podbor, as demonstrated above, are also valid in different areas of 
study. 
By developing a synthesis of the four models it is possible to suggest a 
structural solution to the problem of a mechanism for change within the 
VSMJultrastable system rubric4. This synthesis, because of the bias 
towards positive adaptation (and the mode of heritability), is, following 
the argument made by Gould and the discussion in this chapter (see 
earlier) Lamarckian. However it makes use of the control mechanisms 
., See also chapter eight. 
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of the DarwinlKimura model and the notion of "crisis" from Bogdanov's 
"podbor" . 
Thus for any given level of recursion: 
As an operative sub-system (i.e. a "system one") meets a 
circumstance it is unable to deal with it is forced to restructure 
according to its internal capacity for change and the constraints 
implicit in its environment. That is, there is a "crisis" which 
causes change, the outcome of which is either continued survival 
in a new (but recognizable) fonn (i.e., adaptation) or the cessation 
of existence (i.e., a radical change to some other form, which 
includes decay or dispersal of the constituent parts). This is the 
Bogdanovian "crisis" operating as a 'trigger'. 
To the extent that this sub-system continues to exist and the effects 
of the change are either beneficial to the operation of the wider 
system or, as a Ininimum, do not compromise the integrity of its 
operation in its current environment the changes are disregarded. 
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This is the Kimuran5 tendency to "maximal rate" and can be seen 
to reflect Beer's (1979, pp. 214/5) assertion regarding the necessity 
of "autonomy" at the level of system one. 
However, to the extent that the sub-system continues to survive 
such change and negatively affects the integrity (or operation in 
the current environment) of the wider system changes are 
prohibited. This is the element of the Darwinian model that Gould 
(see discussion earlier) calls "watchdog selection". This measured 
prohibition of change parallels Beer's (1979, p. 215) " ... minimum 
metasystemic intervention" - ensuring that the system as a whole 
continues to fulfil current environmental demands. 
The final level of the synthesis is Lamarckian in that as the system 
meets elements in the environment which cause it discomfort, or it 
is unable to deal with, it will attempt to change its behaviour (or 
capability to behave) in a manner that removes the discomfort. 
This is the positive adaptation evident in both the VSM (Beer, 
~ Howe\,er one should note that it is.. potentially. a motivated change due to the recursivc nature of thc 
VSM 
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1979, p. 231) and the ultrastable system (Ashby, 1960, p. 83/4). It 
is also a Bogdanovian "crisis" at the next higher level of recursion. 
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Chapter 7 
The Model 
Adaptation and Eigen-ness. 
Introduction 
In this chapter I shall, using the insights gained froIn the previous 1\\'0, 
present the last of the theoretical arguments used in the construction of 
the Inodel proposed in chapter eight. 
The core of the argument presented in this chapter was originally 
presented as a response to Beer's "Concept of Recursive Consciollsness" 
(Beer, 1994, pp. 227-255)1. In his paper Beer lays forth a theory of 
consciousness that includes notions of recursion, hOIneostasis, 
ultrastability and viability, integrating theIn into a coherent \\'hole. 
The atnl In \\Titing the response \\'as to integrate "Recursivc 
Consciollsncss" with the c\olutionary and adaptive capacity of physical 
1 y) 
consCIousness that includes notions of recursIon, homeostasis, 
ultrastability and viability, integrating them into a coherent whole. 
The aIm In writing the response was to integrate "Recursive 
Consciousness" with the evolutionary and adaptive capacity of physical 
rather than cognitive systems. The synergy between the two has lead 
toward what I believe to be a more generally applicable model that I 
shall develop in what follows. 
The approach taken was to use the ideas introduced by Beer, and attempt 
to use them to construct a model that demonstrated that life and (some 
minimal) consciousness are, to all intents and purposes, synonymous. 
Such monistic approaches are, of course not new2, however the now 
dominant 'enlightenment' view which strictly separates the verifiable, 
empirical (and therefore scientific) world from the 'unverifiable' (and 
therefore unscientific) world of the mind and spirit represents them as 
quaint and old fashioned. It was not intended, nor should it be inferred, 
to show that all is spirit (or all is matter, for that matter), simply to 
demonstrate that the models proposed for the adaptation and evolution of 
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(living) physical systems and those Beer proposes for consciousness 
systems could be shown to obey similar rules. 
I eventually came to the conclusion that non-living physical and living 
physical and consciousness systems are qualitatively irreducibly 
different, separated by a boundary of absolute complexity, that is, that 
living physical systems and consciousness systems are absolutely 
complex whilst non-living systems are noe. And that living and 
consciousness systems are effectively one and the same thing at any 
given level of recursion. 
The one caveat to the above statement being brought about because 
living and consciousness systems are constructed of the same atomic 
and/or molecular base materials as non-living systems. And that because 
of this, systems that exist at the level of absolute complexity will be, to 
some greater or lesser extent, dependent upon the physics of their 
constituent absolutely simple sub-systems. This leads to the necessity for 
~ Sec. for example. Empiriomonizm. (Bogdanov. 1906) and Teb%gy. (Vol. 1. Bogdanov. 1996 and 
Vol. 2/3 Bogdanov. 1989) for a systemic and systematic development of a monistic approach. 
J Note that it is an explicit basis of the cybernetic model that the principles gleaned from the operation 
of "living" systems are generalizable (see. e.g .• Ashby, 1960~ Beer, 1981: Wiener, 1961). And that it 
is possible to extend their applicability to the machine (Ashby and Wiener) and the hwnan or social 
organization (Beer). Thus the organization is regarded as a living (and by the extension of this 
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a commonality of mechanics across the dividing line between absolute 
simplicity and absolute complexity. And this commonality must, whilst 
retaining their essential difference of character and capability, provide 
the possibility of modelling, for example, the structural collapse of the 
absolutely complex system following a radical disruption of its 
absolutely simple constituent parts. 
The homeostatic systems introduced in earlier chapters maintain identity, 
that is to say that when perturbed they actively attempt to return to their 
original state 4. The models based on this ability have, in the pastS, been 
criticized as leading to stagnation and, by extension, death due to the 
inability to adapt. The following discussion will attempt to overcome 
this criticism by specific inclusion of the tension, in adaptive systems, 
between the need for continued identity and the need for change in order 
to survive. 
Viability (the capacity to persist) requires the walking of a very specific 
tightrope. As I have said before the ultrastable device is by definition 
argument in some way conscious. in that it has the potential for an awareness of its identity or 
selfness) system. See also the discussion relating to absolute complexit)· later in this chapter . 
.. The ability to achieve this is. of course. constrained. Not least by the ability to maintain structural 
integrity as referred to in relating the relativity of the "robustness of the hedgehog" at the beginning of 
chapter six. 
S See Beer. 1994. pp. 24213 for his review of the 'anti-homoestatic' literature. 
225 
homeostatic - it maintains itself. But this self-maintenance is a process, 
a continuous negotiation between absolute identity and absolute change, 
rather than a move between states; where homeostasis is dynamic 
equilibrium ultrastability implies dynamic homeostasis. 
Earlier (chapters four and five)I introduced a (simplified) mechanism 
that supports the extrema of this idea (i.e. where the ultrastable system 
(or "3-4-5" homeostat) is represented as a simple autopoietic machine). 
In that model, as in the VSM and the ultrastable system there are two 
dynamics, one for producing the current model of self and one for 
(re)defining it. 
Change and Viability 
Beginning from the ultrastable homeostat it is possible to address the 
notion of viability, which Beer (quoting the Oxford English Dictionary) 
defines as the "ability to maintain a separate existence" (see e.g. Beer, 
1985, p. 1). This separate existence again connotes some form of 
identity: that is it luust be possible to identify just what it is that is 
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maintaining this separate existence. The system under observation must, 
therefore, have some mechanism for determining its 'selfness', that is it 
must have a way of determining what constitutes a normal state of affairs 
for its mode of existence. 
For living systems this is, quite literally, vital. To be unaware of danger, 
damage or malignancy could mean death. Therefore a notion of self, 
which is necessary in the maintenance of the normal, is also fundamental 
to determining the abnormal. Likewise in consciousness systems the 
awareness of self is fundamental to one's learning, enculturation and 
functioning in society. The inability to sustain a viable identity will 
almost certainly lead to psychosis or sociopathy. And in both cases it is 
the normal, defined as conformity to the currently held model of self, 
which provides the basis for systemic stability6. 
But what constitutes this 'selfness'? Selfness (systemic identity) it seems 
is an emergent result of some or other form of "closure" (see, Beer 1994, 
p. 13 for a discussion of '''logical closure"). This may be physical in the 
usual sense of the word but, in terms of perception it will always be 
227 
'informational', that is, that in the case of a self awareness there will be a 
circularity of reference. The informational closure will create the 'self 
and the' self will maintain the informational closure. 
In adaptive systems this closure can never be complete. In order to be 
adaptive a system must be aware of its environment but, because of the 
relative closure, any stimulus received from the environment will be 
assessed in terms of its impact on the 'self. 
Here the models of change presented in the previous chapter separate 
into the two forms suggested. 
In the DarwinlKimura model (presented in chapter six) change is not 
adaptive. Change in this model is largely random, generated by an 
ongoIng flux at the level of genetic identity (with the "watchdog" 
function damping down selectively "non-neutral" mutation). Whilst 
such mutation remains neutral, change across populations is determined, 
not by adaptive or selective pressure, but by the frequency of 
6 Note that there is an implicit recursion from the individual to the societal level contained in this 
statement. Sociopathy is, by definitio~ socially determined. it contains \\ithin it a notion of what is 
considered to be 'socially normal' and. therefore a notion of societal st!lfness. 
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occurrence
7
. However, in a dynamic environment (i.e. an environment 
that is capable of adaptive change) neutral changes may very well 
become selection active (whether positive or negative) and thus impact 
on the adaptedness of the individual or population8. The point here is, 
that the organism does not change in relation to environmental pressure, 
it lives or dies according to whether or not its current form is 
appropriate to current environmental conditions. 
The question "How does this affect me?", in relation to the evolving 
biological system can be answered only in one of two ways, i.e., "It 
allows me to live" of "It causes me to die". This is because the identity 
is fixed at the individual physical level. Self-similarity, at this level of 
detail, is a function of populations rather than individuals, thus there is a 
statistical element in the evolutionary process that permits random 
change in individuals to appear as adaptive change in groups. 
The Lamarckian and Bogdanovian models (see also chapter six), on the 
other hand, by (conceptually) allowing change to the definition of self 
7 This is because the greater the initial number of occurrences the greater the chance of any single 
mutation being 'bred in' to the wider population. 
8 Note also that remaining constant in a changing emironment can also have the same effect (see the 
section on "Podbor" in the previous chapter). 
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can be seen as adaptive. When these systems ask the question "How 
does this affect me?" they are capable of adding to their evaluation" ... 
and this is what I will do about it". The access to structural change 
during the lifetime of the individual provides it with an ability to change 
a) only available to the DarwinlKimura model at the level of the 
population (and even then only negatively); and b) capable of application 
in a positive sense (i.e. the system can choose its response)9 
Both models allow for ultrastability as defmed earlier, but it is the range 
over which they can be considered ultrastable that is different. In one the 
hedgehog takes its chances if it ventures onto the M6, in the other it is 
(nominally) capable of metamorphosing into something more apposite. 
The Eigen-System 
It seems to me that any and all adaptive systems need to be able to both 
change and remain the same. That is they must approximate self-identity 
in the process of change. Identity is, therefore maintained not in exact 
9 Although tlris mechanism is not necessarily teleological (as in the case of the Lamarckian model it 
may be mechanical response to an external stimulus) it can be seen to reflect what Shoderbek. 
Shoderbek and Kefalas call "third order cybernetics" (1990), i.e. able to ..... reflect upon its past 
decision making ... [itl examines its memory and formulates new courses of action" (ibid. p. 89). 
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sameness but in self-similarity. There are changes in state or process 
variables but they are retained within certain bounds. 
And so we must ask "How is it possible to both maintain the self and 
facilitate change?". An answer to this question can be modelled using 
the idea of eigenfunctions and, initially at least, in a manner analogous to 
their use in quantum mechanics 10, thus retaining our goal of the 
commonality of mechanism across boundaries of complexity. 
Adaptation as a process, as I have already said, allows for the 
modification of the system whilst retaining its identity, thus we are 
looking for a model or function where the core structure remains intact, 
subject to some modifier. In addition we are looking for some mode of 
representation whereby we can identify the changes in a system as the 
result of its experience. Prigogine and Stengers provide a key: 
10 In quantwn mechanics an eigenfunction is a mathematical representation of a particular systemic 
state where the associated eigenvalue corresponds to an "observable" value possible under that 
representation. TIms. where the values observed under experimentation are discrete. for example. one 
can infer that the system's variables under investigation correspond to specific eigenstates of the 
system which themselves are discrete. This is the basis of the discovery. in quantum theory. of the 
discrete energy states of tJle electron orbits of the atom. See Dirac (1958) pp. 3'"' - '"'8 and pp. 53 - 58 
for a detailed description. 
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" certain functions behave in a peculiar way with respect to 
derivation ... the derivative of "e3x " is "3e3x ,,: here we return to the 
original function simply multiplied by some number ... " (prigogine 
and Stengers, 1985, p. 221). 
From this short extract comes a way forward on both fronts. First, 
derivation gives a formula for calculating the change in the derived (or 
output) variable as a function of the change in the independent (or input) 
variable. And second, the "certain functions [which] behave in a peculiar 
way", in particular returning themselves, with the inclusion of a specific 
modifier 11 , as the derivative of their application, demonstrate a parallel 
with the notion of self-similarity introduced earlier. 
To make this point explicit it is necessary to state that, because we are 
interested in the approximation of identity following stimulation and/or 
perturbation, the view we must take is not the traditional one of the 
application of the transformative powers of the system to its inputs, thus 
creating outputs. Indeed it is quite the reverse. We must view the 
II We must note one of the characteristics of the choice of example used by Prigogine and Stengers. 
The constant "e" is the base of the natural logarithms and is also its own derivative, that is dldx ~ = eX 
. A valid generalization of this is that as ~ = elx, its derivative equals Je1x• Therefore the derivative of 
eQJt = aeQJt • thus obeying the rules stated and giving a general fonnula for calculating this kind of 
eigenfunction. 
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know that adaptive systems persist, the result of this application of input 
to the system must return the system itself altered only by some or other 
identifiable modification. In this model, the derivative of the application 
of the input to the system is the system (plus some nominal waste 
product), thus our eigen-system appears appropriate. 
With this in mind we can use the characteristics of eigenfunctions to 
overcome the dichotomy between reductionist (i.e., a local and/or linear 
action orientation within a particular value set) and systemic, or holistic 
(i.e., which would explicitly consider the nature of effects and 
interactions between elements or activities and thus be able to actively 
manage them), thinking. Reductionist approaches would represent the 
system as aggregations of processes, whereas systemic approaches 
represent them as irreducible wholes. However the two approaches can 
be combined if we accept that, frrst, a system constitutes, and is 
The capacity to maintain this eigen-state will of course be enhanced by the ability, on the part of the 
system, to differentiate a larger rather than smaller number of states of the environment. thus pro\iding 
a more finely grained view of environmental conditions. An ateleologica1 basis for this capacity was 
presented in the hypersphere model of chapter five, demonstrating that the system with greater internal 
variety was capable of generating an exponential gain in interface sensitivity. This extended 
sensitivity also provides advantage where the system has a motile capacity (i.e. it can move within a 
spatially differentiated environment see below) or it does not utilize all the available elements within 
its environment. Under these (amongst other) conditions is allowed some degree of choice in the 
inputs it will accept in the maintenance of its existence. The completion of this line of reasoning is 
that progressive adaptation leads to a progressive narrowing of the range of inputs the system is able to 
accept in order to manintain its existence and. therefore. its adaptedness is relativized. 
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(i.e., which would explicitly consider the nature of effects and 
interactions between elements or activities and thus be able to actively 
manage them), thinking. Reductionist approaches would represent the 
system as aggregations of processes, whereas systemic approaches 
represent them as irreducible wholes. However the two approaches can 
be combined if we accept that, ftrst, a system constitutes, and is 
constituted by, a sub-set of the possible permissible combinations of the 
possible permissible outcomes of all its individual constituent processes 
taken in isolation. For example a possible and permissible outcome of 
the combination of water and heat (which does occur in living systems) 
is boiling water (which doesn't). And second that it is possible for the 
eigenvalues 13 of a given function to take on either discrete values or 
continuous values within a range. Thus it is nominally possible to deftne 
an eigenfunction of the form dI dx eax = aeax that models the 
transformation of the system brought about by the operation of the 
individual processes in combination. But which, for the sets {Op p} ... 
Op P,,} and {aeax} , produces a non-empty intersection set only for 
speciftc values of a. The eigenfunction or, more correctly, the 
eigenvalues of the function determine those possible permissible 
13 An eigenvalue is the number that an eigenfunction is multiplied by to give its derivative see note 5 
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combinations of the possible permissible outcomes of the con tituent 
processes of the system which allow the system to remain it elf a 
coherent and recognizable whole. The eigenvalue provide the indi at r 
of systemic selfness. 
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Now it is possible to begin to construct the model by returning to the 
ultrastable homeostat. Ashby's two feedback loops correspond to two 
different aspects of the existence of the system. The first giving a means 
for assessing the outcomes of action or behaviour in quantitative (or goal 
oriented) terms, and the second a means for evaluating the outcomes of 
action or behaviour in relation to self. And both loops can be thought of 
as 'eigenfunctional'. 
A detailed development of the first loop is presented in the next chapter. 
However, at this level of consideration the first loop of Ashby's 
ultrastable system can be viewed (assuming a complexity of structure 
made explicit in the VSM) as a vector14, with the output values of the 
"systems one" representing the elements. Thus the values contained in 
the vector can be seen to be resultant upon the interactions of the 
constituent subsystems with their environment( s), of which the second 
loop can clearly be seen to be part. 
The operational level of the system (i.e. Ashby's "reacting system" or 
Beer's "3-2-1" homeostat) can be seen to be in a stable state when the 
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values represented by the vector are such that this homeostat as a whole 
is capable of retaining its current structure (i.e. it is in an eigenstate), 
both within the physical constraints which exist as a function of the 
physical capacity of the systems one and the demands made on it by its 
environment (external in terms of resource availability, etc. and internal 
(for want of a better word) in terms of the demands made upon it by the 
"second loop" or "3-4-5" homeostat), That is, the achievement of the 
eigenstate allows this level of homeostasis to persist over time whilst 
functioning as an iterative system. 
The implication (in Dirac's (1958, p. 37) work on quantum mechanics) 
that for a vector of this kind to be an eigenvector its constituent vectors 
must also be in their eigenstates does not contradict Ashby's assertion 
that: 
" ... stability belongs only to the combination ... [two] systems, both 
unstable, may join to form a whole which is stable ... " (Ashby, 1960, 
p.56). 
I·' NOle Ihal this approach also allows for the concepts of recursion and variet) filtering. sec the 
summary to this chapter. 
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This is because, in a dynamic system, the "combination~~ by moving the 
environment will also move the local point of stability: thus a subsystem 
taken in isolation may not be stable but achieves stability \\'hen taken in 
the context of the wider system. 
The advantage that the notion of the (self) dynalnic system adds to the 
purely mathematical or biological representations is in providing the 
basis of the ability to manage (by defining a value set or se(f) the 
relationships between its constituent parts, and between itself and its 
environlnent, to actively achieve stability as opposed to reactively be (or 
not) thrust into it. 
If this is viewed in the context of the iterative system embedded in its 
environlnent, it is possible to say that (in reference to the model of 
systeln as/loH' presented in chapter five) that the eigenvalues of the "3-2-
1" hOlneostat (and/or it constituent processes) are the observed values of 
the output variables \\'hen the hOlneostat as a whole is in its eigenstate. 
And that these values are the points that show on the Poincare ection 
across the flow 15. 
Moving to the second of Ashby' s loops it can be seen that it provides not 
only the basis for the integration of the first loop, but also the ability for 
the definition of systemic identity . 
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If the second loop is (as for the operational level) also envisaged as an 
vector entity, with the values received from the environment and the 
eigenvalue of the operational level as the elements of the vector 
representing one of the exponential values, and the vector representing 
identity as the other. The system can be seen to be in a stable state when 
the eigenvalue of this representation is the vector representing identity. 
This is because environmental demands, internal capacity and identity 
are 'harmonised'. If however, this is not the case there are three options 
if the system is to regain stability: 
a) adjust the values received from the environment (i.e. move), 
b) adjust the stable state of the operational level, (i.e. learn and/or 
adapt) or 
c) change the values recognized as identity (i.e., become 
something else - evolve or die). 
The first of the possibilities can be seen as either reflex reaction, i.e. 
action in response to what Beer (e.g., 1979, p.408; 1981, pp. 336/7~ 1985, 
p. 113~ 1994, pp. 236 ff.) calls the "algedonic" mechanism or as a 
'hunting' strategy. In the first sense it causes a convulsive reaction in the 
240 
"motor" elements of the system causing it to move away from a stimulus 
that causes "pain~~16, whereas in the second it can be seen. negatively. as 
a move away from an environment that is unfavourable. because e.g., for 
lack of food, or positively, towards an environment where it is Illore 
plentiful. 
The second possibility is more managerial l7 , in that it relies on an activ\? 
setting of a goal state. Recalculation of the vector representing the "3-4-
Y' homeostat such that it achieves an eigenstate by resetting the value of 
the "3-2-1" vector changes the conditions under \vhich the --3-2-1-' 
hotlleostat is stable, therefore instigating an adaptive response 18. It is 
also in this type of response that the phy. .... ical and the informal ional are 
explicitly brought into contact. This is because there is a capacity, in 
"systetll three" for "resource allocation" and, via "system h\O", for "co-
ordination". Therefore there is an ability to actively maintain the 
(physical) outputs of the "3-2-1" homeostat within the (infonllational) 
It> Note hcrc that "pain" is a "hard-\\ ired", and intcmaJly unpleasant. rcaction to a stimulus \\ hlCh 
comprollllSl'S the "self-ness" of the system. 
1 - Note that this 1l~1!"!'l' IS \'en' broad. 
II( It should be noted here that this adaptiyc responsc is possible becausc of the rccurs!yc mllure of thl' 
Illodel. 1 l', each of the "s~ stems onc" in a yiablc system model is considered to be a yiablc ~"'cm in 
lis 0\\1\ rt,l!ht 
the "3-2-1" vector changes the conditions under which the ';'3-2-1"' 
homeostat is stable, therefore instigating an adaptive response 18. It is 
also in this type of response that the physical and the informational are 
explicitly brought into contact. This is because there is a capacity, in 
"system three" for "resource allocation" and, via "system two", for "co-
ordination". Therefore there is an ability to actively maintain the 
(physical) outputs of the "3-2-1" homeostat within the (informational) 
constraints set by the "3-4-5" homeostat as represented by the eigenvalue 
assigned to the "3-2-1 "vector. 
The third possibility, metamorphosis, is rarely seen in the biological 
realm (with the notable exception of the insects) as a adaptive response 19. 
This kind of change requires geological time and the ability to develop 
"selection neutral mutations" which acquire selection positive status due 
to environmental change to bring about alteration of forms. However it 
is a form of organizational change that is suited to, and possible within, 
social structures as asserted by Gould (1993, pp. 215/6) in his statement 
that culturation has Lamarckian characteristics. 
18 It should be noted here that this adaptive response is possible because of the recursive nature of the 
model. i.e .. each of the "systems one" in a \iable system model is considered to be a viable system in 
its own right. 
19 See tJle argument regarding the DarwinIKimura model of evolution. 
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And that adaptation and/or evolution in these systems can be modelled as 
a simultaneous satisfaction of the structural conditions (as determined by 
the values contained in the 'identity vector') of these functions within the 
mechanical constraints of capacity (internally) and resource availability 
( externally). 
In addition to this it must be said that this 'adaptive capacity' is only 
possible 
a) because of the recursive application of the eigen model; 
b) because, at the lowest level of recursion, there are physical constraints 
on the possible physical changes that can occur. 
That is to say that fIrst, in agreement with Allen (undated) 
" if the microcomponents have diverse internal structures, then 
evo/lition can take place ... ", and second that although the 
characteristics of the system are an emergent propery of the 
combination of its "microcomponents" (Allen undated). 
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it is still, to some greater or lesser extent~ dependent on their physic., jhr 
its existence. 
The recalculation implicit in the above model \vill, of course, take titne 
(however short), and the existence of delays in natural systems \vould 
support the verity of the argument. Beer has noted that, in fact, such 
delays do exist and has given them various names --Relaxation Titne" 
(1974, p. 14~ 1979, p. 390) ''-Reverberation'' (1994, p. 14) and 
"Refractory Period" (1994, p. 233) are a few that are apposite. Although 
these terms are al1 used in different contexts they all relate the saIne 
concept "systemic recovery titne' or, the re-establishInent of hotneostasis. 
Relaxation is the re-approximation of stability following perturbation, 
reverberation is the approximation of .... group consciousness'~ following 
the input of information to an --infosef' and the refractory period is the 
titne taken for a neuron to recover after firing. And it seerns to Ine that 
they can all useful1y be conceptualized as the recalculation of self, i.c. 
thc rc-assel1ion of the eigen-ness of the system. 
Hence the adaptive system, in cognizing an event seeks a representation 
of it such that, when it is applied, the outcome is the system itself, 
modified (probably) by some additional value. Thus, and again in a 
circular manner, an adaptive system cognizes its reality as a function of 
itself. In particular those events that are admitted to a given level of 
consciousness are the eigenvalues that result from the operation of 
experience on the perceiving system. And learning and/or adaptation are 
behavioural or structural changes in the "motor output" brought about so 
as to manipulate the derivative (outcome) of the operation to a state 
where it is a tnember of some possible intersection set. The system thus 
can only allow into cognition those representations of its experience of 
which its identity is capable of being an eigenfunction and only at the 
level at which the new eigenvalue ascribed (experience cognized) does 
not cause a re-calculation at the next higher level (see next section). 
An interesting extension of this line of reasoning is that the states 
available to the system as a result of its experience, within a particular 
structural set, will correspond to the spectrum of the function. And so, it 
is possible that there are limits not only to what we can experience, but 
also how we can experience it, and that, in calculating the spectrum of 
246 
the function used, we can also calculate the quantitative and qualitative 
limits of cognition. 
In common with quantum mechanics the process is not commutable; that 
is the order of learning is irreversible, learning A before B will not yield 
the same result as learning B before A. This is consistent with the 
apparently Markovian orientation of learning, all future 'learning' is at 
least flavoured, if not determined, by past experience. 
An Aside on Variety Filtering 
It is now possible to make explicit the role of recursion in the model. 
Because the statements that a stimulus of which the system cannot make 
itself an eigenfunction of cannot be cognized and, that a system will 
attempt to make itself an eigenfunction of a received stimulus are 
apparently contradictory some further explanation is needed. I say that 
the problem is apparent because it is a result of activity at different levels 
of recursion rather than phenomena at the same level. In this model a 
stimulus is received into the system at the lowest possible level of 
recursion, i.e., imbibing poison will cause disruption at the chemical 
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level of the cell whereas being struck by an arrow (not poisoned) or a 
club will cause a disruption at the physical. 
Both may cause pain at the conscious level. The poison because the 
chemical disruption it causes cannot be contained and therefore it may 
also cause physical damage (here the poison and the club coincide). 
The stimulus is passed up a level because the state adopted by the 
receiving level in attempting to maintain its eigen-ness is such that it 
causes a re-calculation of the eigen-ness of the next higher level of 
recursion. This 'upward' transmission will continue to a point where the 
re-calculation of eigen-ness at the receiving level does not cause re-
calculation at the next higher level. And, it is my contention, that it is 
only at this last re-calculated level that it will be admitted into cognition, 
and therefore be able to drive some or other form of change. 
In this manner the upward transmission of stimuli from the lower to the 
higher levels operates as a variety filter. Perturbations/stimuli are passed 
into the levels of consciousness which are, from the position of adaptive, 
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operational or behavioural advantage, most appropriate (this being 
limited by the infonnational boundaries of the system in focus). 
It is in this way that the atomic or molecular level impacts of the gases of 
the atmosphere against our skin are not felt. They are (assumedly) 
absorbed at the cellular level and, thus, do not cause the need for the re-
calculation of the eigen-ness of the organ. Thus however much we may 
be aware of the existence of the individual atoms which constitute the 
atmosphere, and the fact that they are striking our skin, at the theoretical 
level, we cannot directly perceive it - it is not taken into consciousness 
at the human level20 . 
Absolute Complexity 
I believe that the argument in the previous sections make it possible to 
identify an absolute level of complexity analogous to the concept of 
absolute smallness in quantum mechanics. And to argue that only when 
an entity crosses into this level does it have the complexity requisite to 
truly adaptive behaviour. 
~o As an aside, it is conceivable that such variety filtration evcntually comes to be 'hard-wired'. i.e .. 
that the physical distribution of receptors is modified in rcsponse to the perception of stimuli over 
time. 
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Such a statement requires a definition. Thus, as a first attempt, and 
paraphrasing Dirac21 : 
If an object is such that it can be reduced to the level of absolute smallness 
before encountering a fundamental change in its nature, that object can be 
said to be absolutely simple. Its apparent complexity arising only as a result 
of the number of its constituent parts rather than as an emergent characteristic 
of their interaction at some level of minimal complexity. 
If, however, an object is such that it cannot be reduced to a level of "absolute 
smallness" (i.e. where the rules of quantum mechanics apply to observation) 
before encountering a fundamental change in its nature, that object can be 
said to be absolutely complex. 
The use of the phrase "absolute smallness" (used in the same sense as 
Dirac) is important here because, when the transformation to the 
quantuln level occurs, we are by definition moving away from the 
macro-level at which life exists. Life is a macro-level phenomenon, it is 
~I See Dirac. 1958. p. oJ. 
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also a self-organizing or dissipative phenomenon22 . This does not mean, 
however, that dissipative systems are necessarily living systems. 
Although it may be tempting to follow that line, I believe it would be 
difficult to accept chemical self-organizing systems such as the 
"Brusselator" (see Prigogine, 1980, Prigogine and Stengers, 1985) as 
conscious23 . 
The dissipative system is, no doubt, a step on the path to the living 
system; by demonstrating the possibility of an entropy trade off such as 
the one I described in Food for Trees (Dudley, 1998) it provides the 
physics. And it should be possible to model such systems using the 
eigenfunction notion I have introduced here. 
However, and although these systems are absolutely large, they are still 
absolutely simple, based on the interactions of large quantities of a small 
number of variables and therefore, allowing for the potential for the 
statistical variation in composition, are capable of only a small number of 
combinative states. 
:~ See Prigogine. 1980 and Prigogine and Stengers. 1985. 
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The Brusselator, for example (see below), has two constituents capable 
of generating five self-catalyzed outputs and therefore has, as a 
maximum factorial (2+ 5) = 5040 possible states; (even a very simple 
nervous system consisting of only thirteen cells capable of two states 
each = 213 = 8192 possible states). 
A~X 
B+X~Y+D 
2X+Y~3X 
X~E 
The Brusselator transformation (takellfrom Allen, P., LSE lecture) 
In this model atoms cannot be adaptive. This is because the identity of 
the entity is directly related to its constituent parts, i.e. given one proton 
and one electron you will get hydrogen, and likewise for all the elements 
of the periodic table. As in quantum mechanics, where the operation of 
observation necessarily affects the state of the system being observed, at 
this level any (quantitative or qualitative) alteration of the constituent 
~.' Sec Allen's assertion regarding the necessity ofl3yers of scf-organi7jng "microsystel11s". ch3pter 5. 
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parts alters the system being observed. And not in an adaptive sense, the 
change is not an adaptive response, nor is the result a different version of 
the same thing, it is complete altereity at the level under observation. 
The system is so simple in some absolute sense that its identity is a 
function of its constituent parts. 
Neither are molecules adaptive. They are capable of isomeric forms or, 
possibly largely isomeric forms, (Schrodinger, 1944, p. 56 footnote) 
which could account for DNA mutation under both natural and radiation 
induced conditions. But they too are paragons of sameness. And, in 
addition, the same argument that applies to atoms is relevant here, the 
isomeric form is entirely different (see Schrodinger, 1944, pp. 52/3), here 
identity is a quantitative function of the structural relation of the 
constituent parts, and the relatively small numbers involved make this a 
direct relation. 
Cells, however, are a different matter altogether. The genetic variation 
possible through the mutation of the DNA molecule added to the buffer 
provided by the number of atoms/molecules needed to form a cell begins 
to render the ilnportance of the individual eletnents (i.e. the 
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atoms/molecules) absolutely low. Thus, at this level it becomes possible 
to maintain the macroscopic identity of the higher level self 
independently of the lower level elements. We come to a threshold of 
absolute complexity. 
And, because the system is recursIve, once the threshold has been 
crossed the quality is retained in the succeeding levels until some 
qualitative boundary is reached24 . Thus both the organ and the organism 
retain the quality of adaptation25 . 
Autopoiesis 
Thus far the notion of autopoiesis defined by Maturana and Varela 
(1980, p. 79) has been used in a relatively weak sense, that is, it has been 
assumed that the organization that continued to survive was autopoietic 
by virtue of its dynamic achievement of viability. Here, because of the 
conceptualization used during consultancy interventions and the nature 
of the eigen-system model, this assumption must be subjected to closer 
scrutiny. Mingers, (1995) presents a "six point key for identifying an 
autopoietic systeln" thus: 
~ .. See again Allen's assertion regarding the necessity of layers of scf-organizing "microS)'stems" 
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i) Determine, through interactions, if the unity has identifiable 
boundaries. If the boundaries can be determined, proceed to 2. If no~ 
the entity is indescribable and we can say nothing. 
ii) Determine if there are constitutive elements of the unity, that 
is, components of the unity. If these components can be described, 
proceed to 3. If not, the unity is an unanalyzable whole and therefore 
not an autopoietc system. 
iii) Determine if the unity is a mechanistic system, that IS, the 
component properties are capable of satisfying certain relations that 
determine in the unity the interactions and transformations of these 
components. If this is the case, proceed to 4. If not the unity is not an 
autopoietic system. 
iv) Determine if the components that constitute the boundaries of 
the unity constitute these boundaries through preferential 
neighborhood interactions and relations between themselves, as 
determined by their properties in the space of their interactions. If this 
is not the case, you do not have an autopoietic unity because you are 
determining its boundaries, not the unity itself. If 4 is the case, 
however, proceed to 5. 
v) Determine if the components of the boundaries of theunity are 
produced by the interactions of the components of the unity, either by 
:~ Resulting in abnormalities. c.g .. artcrio-sclcrosis. and/or malignancies such as lung cancer as a 
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transformation of previously produced components, or by 
transformations and/or coupling of non-component elements that enter 
the unity through its boundaries. If not you do not have an autopoietic 
unity~ if yes proceed to 6. 
vi) If all the other components of the unity are also produced by 
the interactions of its components as in 5, and if those which are not 
produced by the interactions of other components participate as 
necessary permanent constitutive components in the production of 
other components, you have an autopoietic unity in the space in which 
its components exist. If this is not the case, and there are components 
in the unity not produced by components of the unity as in 5, or if 
there are components of the unity which do not participate in the 
production of other components, you do not have an autopoietic unity. 
(Mingers, /995, p. 17) 
Mingers explains this "key" thus: 
"The first three are general, specifying that there is an identifiable 
entity with a clear boundary, that it can be analyzed into components, 
and that it operates mechanistically, i.e., its operation is determined by 
the properties and relations of its components. The core autopoietic 
ideas are specified in the last three points. These describe a dynamic 
response to tobacco smoke. 
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network of interacting processes of production (vi), contained within 
and producing a boundary (v), that is maintained by the preferential 
interactions of its components (iv). The key notions ... are the idea of 
production of components, and the necessity for a boundary 
constituted by produced components" (Mingers, 1995, p.17). 
From the key, and Mingers' further explanation, it is obvious that there is 
also a 'strong' interpretation of autopoiesis; one that it would be difficult, 
if not impossible, to envisage a non-living system being able to fulfie6. 
However I think that it is reasonable, given what has been said earlier 
(both in this chapter and in the models presented in chapters five and 
six), to suggest that the eigen-system model, insofar as it is applied to 
biological systems, provides a basis for autopoietic operation. 
I also think that it is possible, within the model, to regard social or 
commercial organizations as autopoietic in a much stronger sense than 
Mingers' discussion suggests. This is because: 
a) Social and/or commercial organizations are usually presumed to have 
an outcome or product, \vhereas the biological equivalent of this 
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outcome or product is regarded as waste (see e.g., Mingers, 1995, p. 
11). Systems theories in general (and autopoiesis in particular) begin 
from a generalization of biological principles. However this 
generalization has not been carried to its conclusion, probably due to 
the fact that it is difficult to accept that we (i.e. humans in general) 
spend a great deal of time and energy producing the organizational 
equivalent of excrement. The eigen-system argument suggests that 
the organization is only stable when its output allows it to persist as 
an iterative system, therefore, that unless it produces itself in the 
process of creating its output it will run out of control27, i.e. it will 
become non-viable. This reconceptualization of the outputs of a 
(social/commercial) organization suggests that the primary output of 
the systeln is the system itself, the outputs being whatever is left over 
after the inputs have been so transformed. It also suggests that to 
question the autopoietic nature of such an organization is to question 
an analytical truth. 
~6 Mingcrs explicitly recognizes this in the discussion contained in chapter eight of his book (~tlngcrs 
1995, pp. 119 - 152). . 
~1 The "structural coupling" suggested (Maturana and Varela. 1980, p~. 107 fT.; Mmgers. 1995. pp 34 
fT.) as representing tlle feedback mechanisms which allow for adaptatIOn or control can be secn to be 
posited (implicitly) on the notion of the retention of identity. 
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b) The torturous language of the sixth element of the "key" which, partly 
because of its impenetrability, creates a self fulfilling prophesy. The 
language used in the phrase which allows for components 
"... which are not produced by the interactions of other components 
[but which] participate as necessary permanent constitutive 
components in the production of other components ... " (Mingers, 
1995, p. 17), 
seems to preclude those things(?) which are central to the constitution 
of humanisociaVcommercial systems, e.g., money andlor happiness 
and/or security, etc.. Society, social or special interest clubs and 
businesses provide these things in much the same way as biological 
entities provide advantageous environments to, e.g., useful bacteria, 
to ensure that non internally produced components become28 
"pennanent constitutive components in the production of other 
components". 
c) One of the produced components of a social or commercial 
organization is that of member or employee or, perhaps, shareholder. 
~II nle inclusion in rhc ,~\'Slem of people is. of course statistical. people join, leave (and die) thus 
\'arying the direct relationship between indi\'iduals and the s),stem in question. but this is no dIfferent 
to comparable relationships in the biological realm. 
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Being or not being eligible to join one or other of these categories 
creates the boundary to the system. And, as these conditions are set 
by committees, departments or roles authorized by the organization 
(i.e., by components of the organization) it is possible to regard the 
boundary as being constituted by produced components. 
By addressing these issues in this manner the eigen-model can be 
considered autopoietic in a (relatively) strong sense. 
Summary 
This chapter introduced the last element of the model, the idea of the 
eigen-system, which was proposed as a structure for integrating the tools 
and models of change intoduced in chapters five and six and the 
requirements necessary for systems to be regarded as adaptive. 
The first of the requirements discussed were those of homeostasis and 
ultrastability and, following Ashby (1960) and Beer (various), it was 
asserted that the eigen-system is capable of supporting these notions by 
way of its structural capacity for asserting its identity. That is to say that 
the derivative of an eigen-function is a multiple of the function itself. In 
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this way the "essential variables" of Ashby's ultrastable system could be 
replaced with an eigen-functional argument that allowed the system to 
evaluate environmental conditions such that the system was stable (i.e. 
"... whether or not the value [of the essential variables] is within 
physiological limits", Ashby, 1960, p. 81) when the calculation returned 
the function in an eigen-state. 
The notion of identity was then extended to the question of viability 
where it was suggested that viability in a dynamic environment was 
dependent on the ability to change in response to environmental 
conditions (i.e. ultrastability). Here the notion of self-similarity was 
contrasted to that of absolute identity and the traditional 
conceptualization of the transformative power of the system was 
questioned. That is, it was suggested that rather than the system 
transforming its inputs (from the environment) into outputs (sent back 
into the environlnent) the transformation which occurred was the effect 
the environment had on the system. Therefore that the outputs 
(traditionally interpreted) were the waste products of the creation of the 
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system. Such a system, therefore, is continually creating an 
approximat ion of self in response to environmental conditions29. 
In addition to this the eigen-system (when modeled within the ultrastable 
system) has the potential to change due to the fact that eigen-functions 
have potentially many eigen-states represented by different eigen-values. 
Where this occurs in the second of Ashby's feedback loops (i.e. the one 
that passes through the "essential variables" the system is presented with 
three options to regain a lost stability: move away from the troubling 
stimulus, redefine internal structures to cope with the troubling stimulus, 
becolne something else. In terms of the eigen-function model this was 
claimed to be the same as redefining the values in a vector representing 
the system 30. 
Using the vector model allowed consideration of the notion of absolute 
complexity, an approach supported by Allen (undated), i.e. that the kind 
29 Note that in extending this interpretation in the context of the 'system as flow' model presented in 
chapter five a basis for an interactive, or co-cvolutionary. model is possible. This is because. in that 
model the "structuraJ coupling" (Matorana and Varela. 1980, pp. 107 fl.: Mingers. 1996, pp. 34 If.) 
allows both to be represented as adaptive. Therefore the process of equilibration (sec chapter six) is 
bi-directional, the system is the environment of its environment. Sec also Lovelock' s "Gaia 
Hypothesis" (Lovelock, 1995a: I 995b). 
JO And. it should be noted that the third option. i.e., become something else. is an evolutionary change 
that is independent of the actual method of change. It is therefore possible for this to allow for the 
biologicaJ model of DarwinlKimura (assuming that the system has the requisite capacity to gcncr<*: 
262 
of change required by systems such as these also required some minimal 
level of complexity be available (e.g., Allen's "microsystems with 
diverse structures"). And that this complexity was qualitatively different 
from simple numerical complexity (i.e., it was dependent on a recursive 
structural differentiation rather than simply large numbers of 
homogenous (and fixed) elements). A recursive application of the eigen-
model, in the manner of Beer's VSM (i.e. adaptive, viable systems 
containing adaptive viable systems) allowed for this but also created the 
potential for a pathological growth in internal variety (as suggested 
(negatively) by Beer, see, e.g., 1981, p. 308). 
By being comprised of vectors, the elements of which were also vectors, 
the eigen-model was able to model the recursion and, by making the 
eigen-values of the managed vector the performance criteria it was 
possible to suggest a method of variety management. That is, by being 
interested only maintaining or acquiring the eigen-state of the level in 
focus (based on the eigen-values of the next level of recursion down as 
the observable outputs thereof) the level in focus could treat the next 
the non-directed or random change) and the potentially motivated approach allowed in the models of 
Bogdano\' or L1marck. 
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level of recursion down as a black box whilst retaining its ability to 
contextualize behaviour. 
The last issue to be addressed was that of autopoiesis in the strong sense. 
I believe that to say that the eigen-system (when in an eigen-state) is 
autopoietic is tautologous, any system that must create itself (or a 
modification thereof) to be stable must create itself (or a modification 
thereof) to be stable. 
However the autopoiesis of the eigen-system is dynamic, it does not 
simply (re )create an extant self but actively re-calculates the self that is 
to be created. In this way it is able to close the loop of its "structural 
coupling" to an environment that is also dynamic whilst still retaining an 
(internal and self defined) identity which is to some extent independent 
of it. 
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Chapter 8 
What Does It Look Like? 
Introduction 
In the first three chapters of this section I ha\'c introduced a range of 
ideas that relate lTIostly to change in physical and/or Inathelnatical 
systelTIs. In this (last) chapter dealing with the Inodel in isolation I shall 
construct an inte.b'Tated version, based on Beer's Viable System Model 
for use in the case study of the next section. Beginning by discllssing 
each of the elelnents in turn, integrating the characteristics suggested b~ 
the previous chapters as appropriate and introducing the alterations 
necessary to this conceptualization of the VSM. I \vill then cOlnpktc thL' 
chapter by proposing a rigorous Inodel to apply (in chapter nine) to the 
probleIll of satisfying the constraints of IS() C[)~ 900 I :~()()() and 
fulfilling thc aspirations of ISO CD~ 9004:.:2000 and (in chapters ten and 
l'ic\l'n) to the construction of a qual ity InanageIllent s\stelll for the 
lubnich dental practice 
..., ( .... 
- ) I 
Chapter five in considered vanous mathematical constructs which 
displayed characteristics that appeared to mimic the characteristics of 
'natural' adaptive or evolutionary systems; whilst chapter six discussed 
models that have been proposed for these natural systems themselves. 
The "self-organizing" systems of Prigogine (1980; 1985) provided a 
basis for a combination of the ability for spontaneous changes in 
structure under specific circumstances with an apparent equilibrium 
seeking capacity under others. And the extension in his (and Jantsch's) 
reasoning to the notion of "dissipative systems" (Jantsch, 1980, pp. 35 
ff.; Prigogine , 1980, pp. 84 ff.; Prigogine and Stengers, 1985, pp. 12 ft.) 
that provides the conceptual basis for the simultaneous growth of entropy 
(as the degradation of useable energy) and of organization 
(conceptualized as negentropy) which seems to allow for the existence of 
living systelTIs. 
The "autocatalytic sets" introduced by Kauffman (1995, pp. 47 fT.) and 
reflected in the work of Allen (1994; 1997 a; 1997b) provide a rigorous, 
if preliminary, basis for a mechanical model of autopoiesis. And which, 
when taken together with the "self-organizing" or Hdissipative" systelns 
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mentioned above allow for the existence of self-generating persistent 
systems capable of (spontaneously) adopting diverse structures, given 
only a supply of an appropriate 'fuel'. 
The principle of autocatalysis is, of course, an extended form of iteration, 
whereby the output of one element of the system forms the input (or 
constitutive conditions) for another, the output of which forms the input 
(or constitutive conditions) for the first. In this way the constitutive 
elements of the autocatalytic system are interconnected in what 
Bogdanov (1996, pp. 117 ff.) called a "chain connection". Thus the 
autocatalytic system (as per Kauffman's definition) is a particular case of 
a weak form of the "iterative system". The particularization being 
brought about by the control mechanisms rendered possible by the notion 
of "identity". And the "weakness" from the fact that the autocatalytic 
system as first defined has a break between the "input" and its "output" 
and thus the implication of a "disjointed" environment. 
However, when this environment is envisaged as a flow, in the manner 
suggested in the "hypersphere" model (in chapter five), it is possible to 
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see that the 'relatively closed system 1, this representation makes it 
possible to see the autocatalytic system (embedded in a wider system) as 
(potentially) iterative in the strong sense, that is, its outputs form the 
basis of its inputs2. 
The problem this causes is that iterative systems, as was discussed in 
chapter five, have the potential (dependent on their initial conditions) to 
exhibit "chaotic" behaviour - the Mandelbrot set, for example, 
demonstrates the capacity of relatively simple equations to produce 
extraordinarily complex results. And, although it is possible to see this 
as an advantage at a superficial level (and over the short term) it cannot 
provide the basis for long term stability. An iterative system that is to be 
stable over the long term must have the capacity to control any inherent 
tendency to run out of control. 
This capacity brings a number of requirements: 
a) a sense of, or basis for, the definition/recognition of, idenlity~ 
I Note that. even when this svstem is recurred out to a planetary level. the closure cannot be complete 
as the planetary system is "pumped" by the enerR" received from the sun. lbis docs however create 
the conditions necessary for the existence of a "self-organizing" or "dissipative- system. 
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b) some method or mechanism for acquiring necessary environmental 
information; 
c) a fluid structure, comprised of "micro-systems" which also have fluid 
structures; 
d) some method or mechanism for acqulnng information regarding 
internal processes/activities and their operation; 
e) some method or mechanism for acquiring/providing the resource(s) 
necessary to support the operation of the system as a whole. 
All five of which are impacted upon by the need for control which, 
because a control system can " ... be effective only insofar as its model of 
what is regulated is adequate ... " (Beer, 1981, p.308) and the " ... variety 
proliferation in pursuit of adaptation and evolution ... " (Beer, ibid), 
requires that the control system explicitly take account of " ... the law of 
Requisite Variety" (Ashby, 1966, p. 207) 3. 
~ And this provides the basis of the Gaia Hypothesis (Lovelock, 1995a; 1995b, and of co-evolutionary 
models (e.g. Jantsch, 1980, pp. 75 if.) 
1 Ashby's fonnal statement of the law, i.e., "only variety can destroy variety" (ibid), is much stronger 
than Beer's "Only variety can absorb variety" (1981. p. 308) and may give the impression that variety 
reduction is advantageous. This would contradict Beer's "Ashby's Law can be met either by 
expanding regualtol)' variety ... or by curbing evolutionary variety .. :' (ibid). and the argument I shall 
present regarding tJle necessity of variety in the adaptive process and the criticism of the the ISO 
standard in relation to service quality management. However. Ashby's definition is contextual as is 
made clear by his statement that " ... a set's variety is not an intrinsic property of the set: the observer 
and his powers of discrimination may have to be specified if the "ariet)' is to be well defined." . 
(Ashby. ibid). This conte~1uaIization clearly makes ",'ariet)''' a function of the percel\'ed relationship. 
thus clearly providing the basis for the simplification of a decision making (broadly used) scenario 
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Chapter six introduced and discussed five models that have been 
proposed to explain the way nature solved the problem of adaptation 
and! or evolution. And although the hybrid that I have called the 
"DarwinlKimura" model is now widely accepted as correct in biological 
evolution (see, e.g. Gould, p. 216), the Lamarckian model has 
characteristics to recommend it to the study of the socio-cultural sphere 
(e.g. Gould, 1993, pp. 215/6). 
Then there are the Bogdanovian notions of equilibration (developed 
following LeChateIier's model (Bogdanov, 1996, pp. 101/2) and "crises" 
resulting from the action of "progressive podbor" (Bogdanov, 1996, pp. 
190 ff.) within the wider structure of "world ingression" (Bogdanov, 
1996, pp. 169 ff.). These were intended to explain the phenomena of 
natural/biological change within a more general (indeed universal if the 
title of the Tektology is to be taken literally)framework without reference 
to the overt Malthusian overtones of Darwin's Origin 4. 
whilst retaining the complexity of the relationship at some further. but imperceptible. level. TIlis is 
what allows Beer (1985. p. 25) to say that "The lethal "ariel), atlenuator is SHEER IGNORANCE". 
and is also implicit in the hypershere model (chapter five). 
~ As a committed socialist Bogdanov. along \\ith many of his Russian contemporaries. found the 
Malthusian ide.1 ofintrnspccific competition repugnant. (see. c.g. Todes. 1989) and Kropotktn. 1914). 
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From a contemporary perspective, a more radical model of biological 
evolution is suggested by Margulis' (1999) in her serial endosymbiosis 
theory (SET). This is because she suggests that all eukaryotic5 lifeforms 
are (originally at least) symbionts, the results of collaborative 
interactions (in the sense of the early Russian anti-Malthusian theorists) 
or failed predatory (possibly cannibalistic) attempts. 
The aim in chapter seven was to integrate these insights into a coherent 
notion of the "eigen-system". However to show that this could be done 
is, in itself insufficient to demonstrate that the model is applicable 
outside the area of its origin (i.e. the biological, physical or 
mathematical). Ashby's ultrastable system, especially as presented as 
part of Beer's viable system model has been accepted as applicable to 
many (social and managerial) fields, from a beehive (Foss, 1989), to the 
development of "organizational competence" (Holmberg, 1989), to a 
country (Beer, 1981, pp. various from 245 - 347), and therefore suffers 
from no such problem. 
273 
If the eigen-system can be can be shown to operate as a viable system6, 
and if the various models of change can be shown to be capable of 
inclusion in this structure (without transgressing the rules of viability) the 
biological, physical or mathematical elements of the eigen-system can a 
fortiori be considered to be applicable to the (social or managerial) 
organizational realm of the viable system. To this end most of the 
references to the viable system are taken from Heart of Enterprise (Beer, 
1979) and Diagnosing the System for Organizations (Beer, 1985) which 
relate to the application of the VSM in the organizational context. 
The model representing this is presented in its entirety as figure one 
(below); loosely following Beer, the area bounded by the dotted circle is 
the operational eigen-vector and that by the dotted rectangle the 
ultrastable eigen-vector. 
~ Eukaryotic cells are tbose which contain a differentiated nucleus, as opposed to prokaryotic cells 
(such as bacteria) which do not. see also chapter six. 
6 Thus in demonstrating that tbe eigen-system is a viable system it becomes acceptable to extend the 
use of the elements of the eigen-system beyond the areas of their origin into areas where the \iable 
system model has pre\;ously been demonstrated to be valid. In this way it is hoped that the "cognitive 
variety" available to organizational researchers will be increased. One area where such an approach 
rna\' be seen to be of interest is in the extension of notions of autopoiesis to social organizations. 
cs~cially in the light of Margulis' serial endosymbiosis theory. Here the culturaJ (re)production of 
novel organil.ational fonns could be viewed as being seeded by an endoS)111biotic relationship 
resulting from the importation of new personnel. which, because of access to the biological model. 
could be viewed as retro-viral (i.e. an external agent infocts the host ,,;th new structural fonn thus 
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The "3-2-1" Homeostat 
System One 
"We shall start here because it is this part of the system in focus that 
produces it." (Beer, 1985, p. 19). 
Beer has often said, and probably more often been quoted as saying: 
"The purpose of a system is what it does. There is, after all no point 
in claiming that the purpose of a system is to do what it consistently 
fails to do." (1985, p. 99). 
What a viable system does is survIve, if it did not it could not be 
considered to be viable. "And what the viable system does is done by 
System One" (Beer, 1985, p. 128). 
The are two points of emphasis in the consideration of the individual 
instantiations of systems one at any given level of recursion. 
redefining the notion of selO or mutagenic (i.e. a change of board membership causes a profound and 
direct change in the definition of self. 
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The first is that the individual systems one form the points of recursion in 
Beer's model, that is that it is here that the structure of the model repeats 
itself at the next lower (or embedded) level of organizational complexity. 
Therefore all that follows in this chapter (in relation to the viable system 
model as a whole) also relates to each of the individual systems one in 
isolation - that is to say that the viable system is an adaptive model 
recursively comprised of adaptive models. 
The second, and more obvious, is that it is in some way a productive 
process. That is to say that both individually and taken together the 
system( s) one transform the inputs of the system into outputs - this is the 
emphasis that will be used in the remainder of this part of the discussion. 
The quotation from Beer given at the beginning of this section is one of 
the crucial points of the research, i.e., that system one produces the 
system. This assertion sits comfortably alongside Maturana and Varela's 
model of autopoiesis, i.e., that the system produces itself, indeed as Beer 
argues elsewhere: 
"(i) 8- viable system is autopoietic: 
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(ii) the autopoietic faculty for this viable system is embodied in 
the totality and in its Systems One, and nowhere else ... ,-
(Beer, 1981, p. 338). 
Where Beer argues for autopoiesis to be "embodied in the totality" he 
also adds credence to the notion of the eigen-system presented in chapter 
seven in that it is in the whole vector, its operation and the eigen-value 
that it is autopoietic. 
However it also raises the question of what is left over after the system 
has "done what it does", if what it does it create itself. In the biological 
model this question is relatively easily answered, what is left over is 
waste and is excreted into the environment. But in the commercial 
model this what is left over is the product, the way by which the 
company adds value in the marketplace, it is, therefore, difficult to 
conceptualize this valuable output as excrement. Controversial as this 
may be it is a direct logical consequence of Beer's assertion and the 
Inodel of autopoiesis when applied to the commercial arena. 
However both nature and the VSM allow for more than one type of 
systeln one (this is what allo\\"s Jackson and Keys (1984). and the later 
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Flood and Jackson (1990, p. 42) for example, to place the VSM approach 
on the "complex" axis of their "system of systems methodologies~'), all 
of which carry an adaptive and/or evolutionary capacity. Thus is it 
possible for the formation of symbiotic relationships where the excretions 
of one system form the inputs to another. 7. 
The first overt modification to Beer's original diagram (see figure one) is 
a re-drawing of the relationship between the individual systems ones. I 
do this to make clear that the model I present is both physical and 
informational; without the physical there is no basis for the informational 
and without the informational there is no basis for the control of the 
physical. 
This simple modification also brings the advantage of being able to use 
the VSM to model processes - that is, by following Beer's advice to " ... 
7 One should note here that the notion of symbiosis can be recurred out such that it includes individual 
entities or marketslenvirorunentslecosystems. 
8 It should be noted here that this is a modification of the drawing and not a modification of the model. 
Note that Beer allows for this in describing operational connexions thus: 
" .. , about the connecting squiggly lines -
• the basic convcntion on the operational axis is the same as that on the command 
axis. 11lat is. the simple arrangement ... does not m~1fl that the operations flow 
into each othcr: only that there arc conncxions ... 
• for instance. operations may be so loosely coupled (e.g .. in a conglomerate) that 
tJle connexion is no more than a competition for capital ... 
• Sometimes operations are ,"cry strongly connected. and indeed do flow into 
each other..... (1985. p. 58) 
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arrange the operations in the appropriate order ... " (1985, p. 58) the 
diagram representing system one can be made to look like a process map. 
However this form of process map will have the significant advantage of 
explicitly including not only the procedural elements of the process but 
also its resource, informational and control requirements and, should it 
be considered to be appropriate, an adaptive and/or evolutionary 
. 9 
capacIty. 
System Two 
" ... the lot of System Two is not a happy one ... insofar as those that 
play the Two role are often accused of destroying horizontal variety -
whereas their proper function is merely anti-oscillatory ... " Beer, 
1979, p. 178). 
As can be seen from Beer's remark, he sees the role of system two as 
"anti-oscillatory, that is, in damping down "uncontrolled oscillation" 
(ibid, p. 175). 
9 A furthcr practical advantage is that it also identifies a natural lowest level of recursIOn. ic .. tb.1l 
where tbc process is strictly linear. C.g., .r: XI' x: . XJ. 
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Whilst agreemg with this, and his extension of the remark in 
demonstrating the necessity of not inhibiting "horizontal variety" (see the 
section relating to "variety filtering" in chapter seven), I find the term co-
ordinative more useful. "Co-ordination" conveys more effectively the 
understanding of the function as applied to the model I present in this 
chapter. This is because there is an implication in the reference to 
uncontrolled oscillation that requires an understanding of purpose that is 
a function of the "3-2-1" homeostat in its relation to the "3-4-5" 
homeostat which is, therefore, not accessible to system twow. Active co-
ordination of systems one can be achieved without a higher level of goal 
orientation as a result of the characteristics of the systems one 
thelnselves when operating in a constrained resource environment (a 
point which is implicit in the "Later in the Bar" discussions; Beer, 1979, 
pp. 191 ff.). 
This can be demonstrated from the case of the simple homeostat, or the 
simple autocatalytic system, whereby any increase or decrease in the 
output of either of the participants (positively) affects the output of the 
other. Given an unconstrained prilnary input, such a system will grow 
10 11lis is a ncccssal')' outcome of the nature of control languages and their relativc complcxities (sec 
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exponentially (the exponent being defined by the reproductive rate of the 
system, i.e., a reproductive rate of 2 will lead to a growth by powers of 
2). 
However where the autocatalysis is not completely closed, i.e. where 
both elements require an input from the environment (which is 
constrained) and the input they receive from the other, and where there is 
an expansionist tendency (i.e., where it is in some way in the nature of 
the participants to attempt to exploit all available environmental resource 
for systemic growth) such unconstrained growth is not possible. Here 
the growth of the individual participant can only be nlaximized and this is 
possible only by ensuring the optimal sustainable mix of environmental 
input and input from its autocatalytic partner( s) 11 • Thus this 
maximization and optimization are holistic functions, that is, emergent 
values dependent upon the interactions of the autocatalytic partners. 
In this way it becomes possible to conceptualize the role of system two 
as adding value to the function of an autocatalytic system by providing 
the basis for managing the interactions of the participants in the 
Shoderbek. Shodcrbek and Kefalas. 1990. p. 91-3) 
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relationship. And in a way that simplifies the operation of the "'3-2-1" 
homeostat. 
For a Viable System this can be relatively simply modelled given five 
assumptions: 
That the structural resources for and raw materials 
transformed by the operational units are differentiated, i.e., 
at the level of operation systemic food and systemic input 
are not the same - thus providing for the logical necessity of 
the transformation -this differentiation need not be physical, 
the necessity is only that, internally, these inputs are treated 
and/or utilized differently12; 
That structural operational resource is generic, i.e., that the 
resources necessary to the construction and operation of all 
operational units at the same level of recursion is largely the 
saIne in all cases - this simplifies the role of system three as 
II Note that tJlere are elements of the system three role inherent in this discussion which will be dealt 
\\ith in the appropriate section. 
12 Howc"er th.:1t they are connected in some way is a necessity for Beer's "accountability" one of the 
elements of the "command and control" channel (Beer. 1985. p . .JO). 
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resource allocator because, by and large, it is only allocating 
one resource; 
That, as was suggested earlier, the output of the operational 
unit is considered to be waste product, i.e. that which is left 
over after the system has created itself - the logic behind 
this, in a co-ordinative sense, is that as Margulis says "No 
organism feeds on its own waste" (1999, p. 119), therefore 
the "product" as waste product can be assumed to carry a 
degree of toxicity to the producing unit; 
That raw materials are sucked in by the receiving unit on an 
'on demand' basis rather than pushed out by the producing 
unit on a 'product completed' basis - this 'closes the loop' 
on the co-ordinative capability by utilizing the toxicity of 
'excess production' to inhibit productive capacity. 
That either, the operational unit has an expansionist capacity 
(silnilar to, e.g., mitotic division in cell population and 
which is strong enough to outrun the capacity of the 
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environment to carry it), and! or, that for each operational 
unit one or more of its autocatalytic partners has an output 
capable of stimulating its expansion (for example a growth 
hormonal function); 
The fIrst four of these assumptions allow for the existence of a co-
ordinative capacity in a system containing differentiated productive 
elements with fixed capacity (i.e. where capacity in the individual units 
cannot be gained, by e.g., growth or evolutionary change, or lost, by, 
e.g., attrition). Such a function operates negatively, i.e., by reducing 
production when there is too much of a given substance, by utilizing the 
toxicity of the product on the producer to reduce the rate at which it is 
produced. 
It is not, however capable of the active management of the entity 
comprised of the productive units. It is only with the addition of the fifth 
assumption, i.e., the ability for expansion, that the system both becomes 
manageable and requires management. 
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The system becomes manageable because it is now possible to adjust the 
physical capacity of the operational units to provide whatever it is they 
provide rather than merely the rate at which they provide it. This is an 
efficiency control. Where in the first case it was possible to affect output 
by affecting the rate of provision which, without affecting the internal 
capacity to provide, left extant any structural overheads (and, therefore, 
costs), the ability to alter this structural capacity is also the ability to alter 
costs of provision. 
The system requires management because the inclusion of the expansion 
of the operational units (based on internal criteria), whether stimulated 
by food suppl y or 'hormonal' intervention, may render the system 
unstable due to unconstrained growth beyond the limits of the carrying 
capacity of the shared environment. 
The co-ordinative function provided by system two is able to achieve this 
because, in the absence of an evolutionary or technological sh~fi the 
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throughput capacity/capability of the individual systems one can now be 
viewed as a population function 13 . 
The interpretation of the productive capacity of the individual units as a 
population function also helps to identify the various roles of the 
elements of the viable system model, and the intimate interaction of "co-
ordination and control". The model presented above can now be written 
as a modified version of the logistic equation, with an additional tenn 
which allows for the activity of the throughput inhibiting activity allowed 
by the toxicity of the output of the systems one thus: 
P t+ 1 = P t x R (C-PJ 
Where P = population level, R = reproduction rate and C = carrying capacity of 
environment. Productive capacity thus equals 
13 That is to say that the quantitative ability to tum inputs into outputs is dependent upon the number of 
processing units that constitute the particular system one. Individual systems one can then be seem to 
operate under an expansionist imperative which can be governed by the logistic equation (see chapter 
five) whereby the reproductive rate of the units is inherent in the entity or population (note that in the 
cellular form this is two. which is below the figure where bifurcations appear in the graph of the 
equation). but that the population sustainable is a function of the carrying capacity of the environment 
Hence it is possible to assert that the role of system two. at recursion level R. must detennine gro\\1h 
enhancement or retardation stimuli in the environment of systems at recursion level R+l. Therefore 
these stimuli are, by the rubric of the VSM necessarily scanned for and reech·ed by s~·stcm four at 
any appropriate level of recursion. 
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Px1 
Where I = throughput capacity, and is a function of the residual toxicity of the output 
of the unit. 
The system two elements of the restated equation are thus: 
1, which reduces the possible rate of production within a given 
population by, effectively, poisoning the unit with its own waste; 
R, which increases output capacity by stimulating population 
growth ( or the increase of internal productive elements) by 
allowing the uptake of structural resource beyond the need for 
extra throughput. 
The carrying capacity of the environment (i.e., C in the equation), and, 
therefore the actual population, is a system three role and will be 
addressed later. 
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Thus are the systems one co-ordinated using criteria which are defined 
by the systems one themselves (which is consistent with Beer, op cit) but 
which affect these systems one through their environments (which means 
that they will be detected by their systems four), hence, in figure one, the 
system two element of the system in focus is shown connected to the 
system four of the next lower level of recursion. 
Three Star (3*) 
"There is in fact plenty of evidence for the existence of this high 
variety channel - which does not exist to command, but to inform 
system three ... " (Beer, 1979, p. 211). 
The "three star" (3 *) function presented in my interpretation of the VSM 
is assumed to play essentially the same role as the one described by Beer 
(op cit), i.e., reporting to system three on the perjormance14 of the 
individual systems one. However the protocol adopted in figure one is 
rather more complex than that usually applied to representations of the 
VSM (see, e.g., Beer, 1985) in that the channel is seen connecting 
systelns one to system three at both levels of recursion. Because of this 
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it is potentially capable of representing two (ideal type) interpretations of 
the function, both of which can be operated according to two (ideal type) 
methods of variety reduction. 
Beer (1979, pp. 211 ff.) describes a method of variety reduction along 3* 
based on the application of professional judgement, that is to say that 
everything is observed the observers then compiling a report for system 
three containing the salient points. The variety fed into system three is 
thus reduced by exclusion of extraneous detail (this extraneousness being 
decided on the basis of some or other accepted level of competence and 
trust, hence the reference to professionalism). 
A second Inethod is to apply the exclusion in advance. That is, to make 
the decision as to which indicators are important and measure only those. 
This has the advantage of simplifying the channel, i.e., reducing the 
bandwidth and the activity necessary, but complexifying system three by 
necessitating an extra variety filtration function. 
1<4 "Performance" in this statement am be taken to mean either 'inputs used and outputs produced' or 
extended to include other relevant infonnation such as time elapsed etc. or as far as the detailed 
auditing infomlation required by Beer in his explication of the 3· role (1979. p. 211) 
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In tenns of the two interpretations mentioned above, Beer (1979, pp. 211 
ff.) exemplifies the role as that of "audit", which (because it necessitates 
" ... direct access ... to the operations themselves ... " (op cit, p. 211)) is 
consistent with his "metasystemic intervention" (op cit, p. 212), i.e., the 
ability of system three to intervene in the internal affairs of the individual 
systems one15 . The diagrammatic representation in figure one could be 
considered to be supporting this interpretation insofar as the individual 
systems one are connected to 3* which, in tum, is connected to both 
system three at the same level of recursion and system three at the next 
higher level. Thus it allows for a 'successful audit' given Beer's 
assertion that audit " ... can be successful only if every transaction in a 
sample of activity is inspected" (op cit, p. 211), by allowing internal 
access, i.e., access at a level of recursion below the level of recursion 
being inspected. 
The second VIew is, perhaps, more naturalistic in that it effectively 
invalidates the notion of accountability and its associated capacities of 
audit and intervention. Here the 3 * channel can be envisaged as split 
insofar as the individual systems one report (as is the usual rubric) to 
I ~ Note that both notions arc meaningful only in conjunction \\ith his other notion of "accountability" 
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system three at the same level of recursion and that it is 5ystem three that 
generates the information passed up to the system three of the next 
higher level. Accountability, in the sense that is implicit in the legalistic 
model, is not possible here because the next higher level of recursion has 
access only to the outputs of the system in focus, thus can exercise direct 
control over this system one only as a "black box" (see, e.g., Ashby, 
1964, pp. 86 ff.). Once again the advantage is one of the simplification 
of the relationship at the expense of the complexification of system three 
(this time at the next higher level of recursion). 
System Three (1) 
"The autonomic system, number Three, sits in the middle of the 
procedure monitoring the effects" (Beer, 1981, p. 132). 
Autonomic is defined in the OED as "functioning involuntarily ... control 
of ... functions not consciously directed ... ". Because it "sits in the 
middle" this involuntarism may be expected to function in relation to 
either, or both, of two consciousnesses. 
(sec note 12 earlier in this chapter). 
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Because of its "metasystemic nature" (Beer, 1979, p. 202) and the fact 
that it adopts a "SYNOPTIC SYSTEMIC viewpoint" (ibid) system three 
is beyond the consciousness of system one and its own subsidiary units 
(i.e. system two and 3*). But if, as Beer (1985, p. 128) points out , .... 
what the viable system does is done by System One", the regulatory and 
co-ordinative functions carried out by system three are carried out in the 
service of system one (i.e., it carries out those functions which create the 
conditions under which system one can operate adequately) the apparent 
relationship of dominance is reversed and, in the absence of the 
ultrastable elements provided by the "3-4-5" homeostat, system three 
becomes part of system one. 
When taken as part of the 'other consciousness', i.e., when system three 
is addressed as part of the "3-4-5" homeostat, its autonomic nature is 
more intuitively defined. That is, system three operates below the 
'consciousness' of the ultrastable elements of the model in providing the 
'whole system' resources necessary to the functioning of the system in 
focus. 
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My view is that both interpretations apply and that system three operates 
as both a variety amplifier (from "3-4-5" to "3-2-1") and a variety 
attenuator (from "3-2-1" to "3-4-5") of huge capacity. Because of this, 
the discussion of system three is in two parts, each treating one of the 
directions in which system three faces. This section concerns those 
elements of system three that relate to the management of operations. 
Following Beer (1985, p. 39), the 'control axis' (i.e., the direct 
connexion between system three and the individual systems one) is 
assumed initially to be comprised of: 
SOlne method of informing the systems one of the "legal 
and corporate requirements" which pertain to them; 
The "resource bargain"; 
Some channel for ensurIng "accountability" for the 
resources provided. 
In their strong sense "legal and corporate requirements" and 
"accountability" are intricately interwoven, providing the validation for 
and assurance of each other. And it is their existence that necessitates 
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the first interpretation of the function of 3 * given above 16. Both notions, 
as is the interpretation of audit they require, are legalistic, i.e., they are 
necessitated by the fonn of the organization rather than any fundamental 
organizational necessity 17. 
Beer (1985, p. 38/9) defines the resource bargain as: 
" ... the 'deal' by which some degree of autonomy is agreed ... [T]he 
bargain declares: out of all the activities that System One elements 
might undertake, THESE will be tackled (and not those), and the 
resources negotiated to these ends wi II be provided". 
Thus it can be seen that system three operates as " ... a major resource 
allocation centre" (Beer 1979, p. 133) and tha~ outside this role, the 
functions undertaken are there to ensure some form of conformance. 
Which is to say that, within the direct constraints on system one variety 
imposed by the "legal and corporate requirements" (Beer, 1985, p. 38), 
16 I.e .. that is aJ)owed access to the internal workings of the individuaJ systems one under its control. 
17 A)though it may be argued that "corporate requirements" form part of the "resource bargain" 
clement on the basis that system three must extract a surplus of resource provided over resource 
expended in the operations of system one in order to be able to support the overhead costs of its 0" n 
and system two and 3· operation. 
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they exist to ensure that the autonomy passed to them by result of the 
resource bargain is exercised appropriately. 
When these considerations are taken together with the formal 
interpretation of the audit function (see above) and the implied 
legitimacy, transferred to system three, to intervene in the internal 
workings (and, therefore, the identity) of the systems onel8 . 
However it is possible to envisage an equally metasystemic identity for 
system three, based on the descriptions of the roles of system two and the 
3 * channel that does not rely on what I have called the legalistic 
elements of the interpretations given by Beer. That is, that system three 
is envisaged as an en1ergent property of the interactions of the systems 
one within the constraints of their own nature. 
When system three is viewed as an emergent entity the "3-2-1" 
homeostat appears as an 'eco-system' 19 where the individual systems one 
18 This is an extension of the definition of audit used by Beer. on the basis that there is no point in 
being able to dis/un cover what the systems one are doing if you are then unable to enforce changes if 
it is not whnt was agreed as part of the resource bargain. 
19 Margulis defines an "ecosystem" as the ..... smallest unit that recycles the biologically important 
elements" (1998. p. 105). tJlereforc it seems appropriate here especially if the tenn "biologically" IS 
allowed to drift towards the tenn "organizationally. 
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represent the constituent populations. And here it is possible to return to 
the logistic equation mentioned earlier in relation to system two, i.e.: 
P t+1 = P t x R (C-PJ 
Where P = population level, R = reproduction rate and C = carrying capacity of 
environment. Productive capacity thus equals 
Pxi 
Where 1 = throughput capacity, and is a function of the residual toxicity of the output 
of the unit. 
Thus system three is able to control the overall levels of production of 
system one simply by controlling the amount of structural resource 
available. This is because C in the above equation is the amount of 
structural resource, that is, it is the muount of food or fuel, available to 
resource the creation and running costs necessary to sustain the 
populations that provide the outputs of the system. 
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Therefore, the role of system three is that of resource provision and, 
because in this eco-system model the individual systems one are 
potentially entirely independent of any purpose brought to bear by the 
metasytem of which system three is a part, and under no obligation to 
pass on any excess resource they may acquire for re-allocation by it., 
system three must also be the primary source of such resources20. This is 
the reason that system three is shown, in figure one, as connected to the 
environment - receiving resource. 
The Operational Eigen-vector 
The "eco-system" interpretation of the "3-2-1" homeostat simplifies 
systems two and three by making their existence emergent properties of 
the inherent nature of the constituent systems one, and ensures the 
requisite 'bandwidth' of 3* by making it a general medium comprised of 
their outputs. The managerial junction of system three is the satisfaction 
of that set of 'physical laws' which constrain the operations of the 
systems one. These ~physicallaws' being contingent upon the structures 
of the systems one themselves. Hence, the systems one comprise their 
~) This primacy may be emcrgent. e.g .. the sunlight falling on an eco-system and therefore dri\"in~ the 
photo-synthesis at the base of the food chain. or physical. c.g .. thc alimcntary tract of some higher 
animal. 
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own system two by the inherent toxicity of their output, and system three 
exercises control on the basis of resource provision (which is an absolute 
control because the criterion is 'perform or die'). 
There is no loss of dynamism in this simplification because the systems 
one are now accepted as providing the "micro-diversity" (Allen, 1997) 
which allows for: 
" ... the diversity of behaviours among individuals in any part of the 
system ... [to be regarded as] the result of local dynamics occuring in 
the system ... [b ]ecause of this, it is possible to make the local 
microdiversity of individuals an endogenous function of the model, 
and in this way move towards a genuine, evolutionary framework ... " 
(Allen, ibid). 
All of which supports the assertion that systems two and three, and the 
3 * channel can legitimately be viewed as emergent from the interactions 
of the systems one. And that it is the (internal) micro-diversity of the 
systems one, within the contraints applied by the necessity of access to a 
restricted supply of resource, that drives the adaptive or evolutionary 
change that occurs at this level of the tnodel. 
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Taken as a whole the "3-2-1" homeostat can be seen to be operating as a 
dynamic version of the logistic equation within which, as Allen states: 
"Stability, or at least quasi-stability will occur when the 
microstructures of a given level are compatible with the 
macrostructures they both create and inhabit" (Allen, ibid). 
That is, the "3-2-1" homeostat is in an "eigen-state" when the 
interactions between the individual systems one are in such a balance 
that, given a particular level of external resourcing, the populations 
represented by theln are able to maintain themselves at such a level that 
the balance between them is also maintained. 
Which is to say that the role of system three (as emergent entity or 
Inanagelnent function) is to resource the processes which create the 
outputs represented in the vector P where: 
[P] = [PI ... p,,] = outputs from systems one 
such that 
for all Pi 
[PI + /] = alP,] 
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under the input Ct+ 1 
within the equation Pt+l = P,x r(C,-i ,) 21. 
The role of system two is to co-ordinate the outputs of the members of 
the vector [P] such that the autocatalysis made possible by their 
symbiotic relationship is maintained. Which is to say that, within the 
absolute constraint of the available resource on the overall population 
(i.e. system one as a whole) it functions to balance the outputs of the 
specialized populations (i.e. the individual systems one). This function 
is, mathematically, non-trivial, being an example of what is called the 
"'knapsack' problem" (Lauriere, 1990, p. 180), to which there is no 
certain algorithmic solution other than a complete search of the solution 
space22 . System two addresses this problem by adopting a heuristic 
strategy based on the idea of residual toxicity, introduced above leading 
to the discovery of adequate rather than optimal solutions to the co-
ordination problem in a manner similar to Simon's (see e.g., 1981, pp. 
36/7 for a definition) "satisficing". And because, in a dynamic systeln, 
21 The stable solution to this problem is relatively trivial where P is a single (i.e .. non-difTerenliatcd) 
number. i.c .. thc population Pis stablc whcn (c,+ 1-1',)1 C is equal to IIr: is contractmg when II is less 
than this and growing whcn it is more. Notc also that thC rangc available to 1', is limited to being (K 
P, <I. 
22 See Lauricre (1990. pp. 177/8) for an cxposition of thc usc of a "Non-[)clcmllnislic Tunng 
Machinc" for the solution of "non-<ictcnninistic polynomial problems"'. a class of problems ll\;u he 
calls "8 mystc~·". 
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this heuristic must be applied 'on the fly' over a population of internally 
dynamic systems one (as a result of the recursive nature of the model), it 
is foreseeable that there will be a tendency to a periodic stressing and 
relaxation of individual systems one; which may be interpreted (in a 
teleological system) as oscillation, as each individual population 
recalculates itself in response to current conditions. However, it is my 
suggestion that where this activity is both strictly periodic and within the 
internal capacity of the systems one to survive, it is not pathological, but 
an inherent part of the functioning of dynamic systems (in a manner 
similar to the existence of alpha rhythms in the brain), hence the choice 
of the word "co-ordination" rather than "damping". 
The role of 3 * is thus a communication/transmission milieu which carries 
the outputs of the individual systems one and the resources from the 
(nominal) system three, it therefore provides the informational basis of 
system two (which is an emergent property of the tolerance to the 
toxicity of their own outputs) and system three which is an emergent 
property of their resource needs under any given mix. 
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Within this representation it is possible to generate a model which 
utilizes the roles of systems two and three as defined above and \\"hich , 
provides a single number resource utilization measure - thus providing 
the variety reducing benefits of the eigen-system model referred to in 
chapter seven. 
Assuming that the system two function identifies a tolerable operating 
mix and the adaptive nature of the systems one is able to move into it 
(which are effectively the same thing), the outputs of the systems one 
will define a vector [0] = [oJ ... on] which parallels the vector [P] = [P J 
.. . Pn] that represents the populations represented by the systems one. 
Over and above utilization/neutralization of the internally generated 
outputs of other systems one (which contribute to their inputs these 
systems one will have need of what I have tenned above "structural 
resource" which is derived from gross input, thus generating another 
related vector [1] = [iJ ... i,,] representing the structural resource needs of 
the systems one under the operating demands of the mix defined by the 
system two function. Thus defined this vector can be represented as a 
characteristic line in n-space (n being the nunlber of dimensions of the 
vector). And this vector can be compared to the \'ector [(1 = [Cj ... cII ] in 
303 
a similar space representing the gross input (or externally provided 
resource as above) as per figure two. 
Because the absolute constraint on activity is the resource available, [C1 
has been taken as the "base" vector and, because there is an element of 
co-usage of the generic structural resource by the individual systems one 
(i.e., none of them will use all of it), and there is an organization cost (or 
entropy) the vector resultant upon the mix defined by the system two 
function is assumed to run at an angle to the base. In addition, because it 
is not possible for the systems one, either in concert or in isolation, to 
make something out of nothing the maximum length of [1] can be no 
more than the length of [C]. 
c pI 
\. 
\ 
\ 
~ j 
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Figure 2: Comparison of the vee/ors [(1 and [I] 
Thus because the angle of [1] will be characteristic of the mix adopted 
(irrespective of the absolute numerical values) it is possible to assert that 
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the process efficiency (resource utilization measure) of the mIX IS a 
function of the angle of deviation from the base, which is, in effect, the 
projection (see Macbeath, 1964, pp. 37/8) of [C] onto itself after rotation 
through e (the characteristic angle of the mix). Thus if [C] is of unit 
length the measure of the 'mix efficiency' is COS023 . 
Within the limit case it is foreseeable that the possible sustainable mixes 
(i.e. those stable states possible within the available resource) may not 
necessitate (or be capable of) utilization of all available resources. Here 
the measure of resource utilization is the projection of [fa] (= actual 
uptake of resources) on the base vector as shown in figure three, 
calculated as [Ia ]cos0. 
The interval pIa - pI is, thus, the potential resource available for growth. 
This potential can either be lost to the system (i.e., pumped out as waste 
or product) or taken up by newly evolved populations able to exploit it 
(which would re-define the stable mix and, therefore, the characteristic 
angle 0). Alternatively, given a fixed resource and a (nominally) fixed 
technology (or evolutionary state), it is possible that the expansionist 
:U This is because the cosine of an angle is zero at 90 degrees (i.e .. no utilization and therefore IOlal 
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tendencies of some individual system one is able to overcome the 
inhibition exercised by the system two function (by, e.g., dilution of the 
residual toxicity of its output over the additional availability of resource), 
and, in so doing, set up a cycle of peaks and troughs around the 
sustainable mix. 
c pJ 
Figure 3: The projection of [10] on [C] 
In this way the system would appear to demonstrate a stable periodicity 
which, by regularly stressing the individual populations, would provide 
the stimuli to drive the adaptive and/or evolutionary capacities of the 
lower levels of recursion. 
The "3-4-5" Ultrastable Homeostat 
System Three(2) 
Once system three becomes part of a formal metasystem, in the tnanner 
that Beer (1979, pp. 199 ff.) describes it, it ceases to be a notional entity 
waste) and one at zero degrees (i.e .. maximwn utilization and therefore no waste). 
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for the passive provision of resources as is implied in the discussion 
above and becomes a controller. This control can still be exercised 
within the logic of the vector projection model presented above, albeit in 
an extended form. 
In this case we must assume (primarily for simplicity) the availability of 
a stable level of some gross resource, represented by the vector [R], and 
that some of this gross resource cannot be utilized/processed by the 
system in focus, leaving a residual amount, represented by the vector [I] 
which can. Therefore the interval I - R can be taken to represent 
"waste", or, that part of the gross resource that is left over after the 
system has taken what it needs. 
> ........ \.\ 
\ 
o 
\. "waste 
\ .... 
pV I R 
Figure -I: The inclusion of a "waste" product 
Assuming also (and again for simplicity) that this time the lo\\'er level 
populations are able to utilize al/ available resource, and that there is an 
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inherent processing or organizational cost incurred in turning the gross 
resource into utilizable resource and waste we create a vector projection 
similar to those above (see figure 4). 
Where 0, as before, is the characteristic angle of the mix defined by 
system two and, thus, pVII (i.e., the projection of V divided by 1, or, 
cose) defining the efficiency of the conversion process. Now, if 1 - pV 
represents the 'direct' or 'variable' costs of processing24, there is also a 
structural, or 'fixed' cost in maintaining the physical integrity of the 
processing units which will be met by consuming a portion of the 
utilizable resources made available by the operation of the mix. This cost 
can be shown (as its absolute value) as the interval pV-v along the base 
vector [1] thus figure five. 
However because these fixed costs must be met from the available 
utilizable resources, i.e. from the vector [Vl, the calculation of fixed costs 
as a proportion of total available resource is: 
pV- (lcos0}f(wherejis the net amount of fixed cost) 
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···········.F 
~·f ... ...... "waste 
R 
pF pV I 
Figure 5: The inclusion of fixed costs 
(note that {F] = {f} = {I]). 
Which, by rotating the vector V, as before, gives the vector F. Thus the 
projection of F on R, gives a measure of the overall efficiency of the 
'production' process in relation to available input (i.e. [I]) as pF/1 or cosO 
(where 0 = 0 + 8)F, which reduces to simply cosO where [I] is the unit 
vector25. 
~ .. Note that. because it is defined by a ratio. as the volume of I shrinks or grows the ahso/ule mlue of / 
-::ll varies proportionately. which seems intuitively correct. 
•. Note here tJlat because the inter.al \' is defined as a number it remains constant in relatIon to thc 
variations in 'direct costs'. tJms its proportion of the whole ,'aries. which again IS tnluiti\cly correct 
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The final element of this part of the model is the inclusion of 
management costs which are calculated in the same manner as the fixed 
costs, i.e., the subtraction of the ratio l/cosa. of the net management cost, 
but where the angle a is 0 rather than 0 (see figure six). This because, 
in a dynamic model, it is necessary to visualize costs as a proportion of 
inputs rather than as an absolute value. Thus the "3-4-5" homeostat has 
an indicator of the performance of the operational (or "3-2-1") homeostat 
which gives a ratio of utilizable resource produced per unit utilizable 
input provided, i.e., pM/I. And it is from the resources produced through 
this ratio that management costs must be lnet. 
Thus the available resource for distribution to facilitate internal 
development is the projection of an interval on M equal to the interval 
A,pM on the baseline, or, cosO divided by 1/ cosO which, by cross 
multiplication, is equal to cos02. 
At any level of recursion, and because system three is concerned with 
internal function, the 'waste' product (represented by the interval/.R) is 
of no interest, being silnply that element of the gross input that is of no 
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use to the system in focus26. This said, and within the constraints of an 
assumed as fixed technology at the level of the individual systems one. 
system three is able to monitor the dynamic physical perfonnance of the 
system as a whole using only four (potentially variable) numerical 
values, I, v, f, and m. 
... ... -~-.. -................ , 
..... ~ 
I 
~ f-' .. 
... V 
\ 
\ 
\ ... "waste 0\ 
• A~----------~---------4------~------~~----------
pM pF pV I 
Figure 6: The addition of management costs 
System Four 
"What the system really needs, and all it needs, is a way of measuring 
its own internal tendency to depart from stability, and a set of rules for 
~6 Howc\'cr it should be noted that. at the next higher level of recursion. this' \\ aste' IS perceived as the 
output of the system. and used in establishing the "mix" represented by the vcctor ", Thus in a series 
of embedded s\'stems there is a dialogic in that the system in focus manages itself in order to re-create 
itself. but the ~ext higher level manages it in order to fann its waste product, 
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R 
experimenting with responses which will tend back to an internal 
equilibrium. Then there is no need to know in advance what might 
cause a disturbance; there is no need to know what has caused a 
disturbance." (Beer, 1981, p. 27, italics added). 
The reason for the italicization of the word "need" in the quotation from 
Beer is that although there is no "need", in a relatively simple system 
(such as the computer example he gives on the following page), the 
ability to 'remember' regularities, enhances the ability to survive. 
In a 'real-tilne' system, such as the one described in the preVIOUS 
sections, it is the ability to recognize (and, where there is some form of 
memory, avoid) the abnormal that stimulates adaptive change and 
provides the basis for "viability". And as: 
"To be adapted, the organIsm, guided by information from the 
environment, must control its essential variables, forcing them to go 
within proper limits, by so manipulating the environment (through its 
motor control of it) that the environment acts on them appropriately." 
(Ashby, 1960, p. 82). 
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It is the role of system four to provide this information at the "'hole 
system level at any given level of recursion. 
This raises two issues: 
What does it need to do to provide this information, and; 
How it remains appropriate to the system it serves. 
As Beer points out (1981, p. 28) the ability to recognize "something 
wrong" provides the basis of ultrastability and, in a 'real-time' system 
such as the one described above, this "something wrong" will be 
recognized in a collapse of the values of the indicators of perfonnance 
(i.e., the Ineasures of self-ness) provided by system three (i.e., cosil will 
tend towards, or become less than, zero). In a static (i.e., non-adaptive) 
system such an occurrence would lead to its demise, the system would 
starve to death, however in an adaptive system one would expect an 
attelnpt at systemic change in order to counter the detrimental effects of 
the environment. Thus system four, in order to justify its existence, Inust 
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provide more (or more detailed) information about the environment than 
simply the gross level of resource available to system three. 
It seems apparent, if a more general reading of Ashby's statement 
(above) is allowed, that the adaptive system manages its relationship 
with its environment. That is, it attempts to position itself, either by 
altering its internal state (i.e. by changing its internal processes in order 
that it may continue to exist in a given environment) or by altering its 
external state (i.e., by moving within its environment until those 
conditions pertain under which it can continue to exist given its existing 
internal conditions), such that the system as a whole is relatively 
unstressed. In short, if an adaptive system is stressed, it will tend toward 
an eigen-state, either by changing itself (evolving/adapting) or changing 
its environment (moving/working). 
Thus it can be seen that system four provides evaluational information, 
this can be seen as qualitative as opposed to the quantitative information 
available to and provided by system three, and provides the justification 
for Beer's statelnent that: 
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" ... the environment of the viable system is by no means the sum of 
the environments of its own viable systems. But the viable system 
that we are modelling must respond to this larger environment. 
System Three cannot do this ... [but System Four] deals with the 
wider environment; that is, it takes account of a perceived cosmos that 
is much larger than the sum of its organic environments" (Beer, 1979, 
pp. 227 and 229, brackets added). 
And it should also be clear, by extension of the argument in the earlier 
section regarding system two, that I think that the environment regarded 
by system four is not only bigger than the sum of the environments of the 
systems one, but different. The information provided by system four 
provides the basis for the evaluation of the resources, processes and 
performance of systems one, two and three. 
Thus, taking the example of the "toxicity" argument; whatever the level 
of perforn1ance and whatever the level of available resource it is 'bad'-
rather than too high or too low - because of the toxic element. It does 
not matter, initially, whether the system is aware of the toxic element in 
isolation or that it is carried in its 'waste' product. What matters is that it 
has the capacity to recognize it in some way, and is able to adapt its 
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behaviour such that it 'knows' that the way to alleviate the stress that the 
toxin causes is to reduce its productive activity. Thus system four 'reads 
'the environment in order to provide the information for this 'learning' or 
structural change. 
The inclusion of 'memory' in the repertoire of system four obviously 
expands its utility to the system as a whole because it allows for a 
mechanism of avoidance rather than merely escape. If the system is able 
to recognize an indicator of future stress rather than simply current 
stress, for by example, detecting low (i.e. pre-dangerous) concentrations 
of toxins, it has the potential to change its behaviour in order to avoid 
them rising to a level where they become dangerous. 
This capacity is present explicitly in Ashby's "ultrastable system" (i.e. in 
"changing the way of behaving", (1960, pp. 84) by re-setting the "step-
mechanisms" which" ... affect the reacting part; by acting as parameters 
to it they determine how it shall react to the environment" (ibid, p. 98), 
and in Shoderbek, Shoderbek and Kefalas in what they define as "second 
order feedback" (1980, pp. 87/9). And is implicit in Beer's consideration 
(see, e.g., 1979, pp. 227/9). 
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Thus 'memory', in the broad sense used here, allows for the existence of 
an apparent 'foresight'. It is apparent because it can occur without any 
recognizable consciousness, i.e., the 'memory' of a prior 'bad' 
experience and the appropriate response (e.g. change or flight) is hard-
wired into the structure of the system. This is why, in figure one and 
elsewhere, for example, the "toxicity of the output" is described as 
'informational' and why system four is shown as connected to system 
two of the next higher level of recursion - a) it is logically possible to 
view the inhibiting effect of abnormally high concentrations of the output 
of any given system one on its 'productive capacity' as a learned 
response to environmental stimuli; and b) that this learned response is the 
emergence of system two, i.e., the level of concentration tolerable before 
the productive capacity is inhibited is for just that amount necessary to 
maintain the internal balance of the system as a whole. 
To address the second issue raised at the beginning of this section, i.e., 
that of continued relevance, it is necessary to commit (apparently at 
least) what may be considered to be heresy - to treat system four as a 
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viable system in its own right27. I can do this because, whilst agreeing 
that as an informational entity system four cannot be viable in isolation , 
as a physical entity it certainly must display the characteristics of a viable 
system in order to continue to be a part of the informational viable 
system Beer describes. That is, in order for Beer to be able to describe 
the viable system model as having a system four there must be, and have 
been, systems four that have persisted over time. And for a living system 
this means that there is some selective advantage to be gained (by the 
wider system in focus) in providing the resource necessary to maintain it. 
I think, therefore that it can be asserted, without too much intellectual 
sleight of hand, that system four maintains its physical viability by 
existing as a non-viable element of an informational relationship. And 
that, because of this, the (informational) system as a whole gains the 
selective advantage of an adaptive system four. 
Thus the information provided by system four can be seen as its 
'product', which it trades for structural resource in much the same \vay 
as the 4 products ' of the systems one which contribute to the physical 
:- Shock' Horror.' But the Viable System Model is. after all. a modd 
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existence of the system are. And, whether they are brought into 
existence by positive adaptation or by random mutation, will continue as 
physically viable units for so long as the infonnation they provide allows 
a selective advantage which outweighs the resource cost of their 
maintenance. One need only look to the example of Spa/ax erhrenbergi 
of which Gould says: 
"Subterranean mammals usually evolve reduced or weakened eyes, 
but Spa/ax has reached an extreme state of true blindness. 
Rudimentary eyes are still generated in embryology, but they are 
covered by thick skins and hair. When exposed to powerful flashes of 
light, Spa/ax shows no neurological response at all ... " (1993, p.403). 
Here we can see that, when the infonnational necessity is removed, 
evolution, as we would normally understand it, runs backwards, thus 
delnonstrating a degree of independence between the viability of the 
elements of system four and the viability of the system as a whole. This 
apparent contradiction provides the basis for an evolutionary drive on the 
functionality of these elelnents. 
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The 'evolving out' of (previously 'evolved in') characteristics when their 
"selective advantage" is removed by external conditions is only possible 
if the system as a whole is able to evaluate the contribution of its parts in 
terms of the survival worthiness of the whole. This suggests that they 
must be conceptualized as existing at a different level of recursion to the 
system as a whole28. This is where the heresy mentioned earlier becomes 
apparent rather than real. It is the physical rather than the informational 
system four that exists at this lower level- the eye as an organ of sight 
has no meaning or viability outside the organism which sees through it~ 
but the eye as physical object does. And, as can be seen from the 
example of the spalax the mole rat, given above, the eye is capable of 
evolving (quasi) independently of the wider system once it ceases to 
provide any selective advantage. 
Viewed in this way, i.e., as a physical-informational system, it is possible 
to subject the physical system four to the same kind of evolutionary 
pressure as the systems one. That is, as an element of the wider system it 
will be judged on the quality of its output (i.e. the information it 
~ I.e .. in order to be cvaluated and controlled against thc standards of the whole ~ stem the "control 
languagc" of the whole system must be of a degree of complexity that is lugber (and. therefore bc}'ond 
thc Wlderstanding 00 tJ1C controlled systems. 
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provides), but now, as it can be treated as a system in its o\\'n right, it 
will also endeavour to manage its internal structure so as to maximize its 
survival worthiness. And, as an environment scanner, this contribution 
will be judged (and resourced) against the ability to comment on (or 
predict) the effect of the environment on the internal stability of the 
wider system of which it forms the system four. 
The mechanism for this, given the earlier discussion, is relatively simple. 
The recognition of stable relationships between environmental stimuli 
and internal conditions. In a simple ultrastable system (e.g. Beer's 
computer mentioned earlier) the "transduction" capacity need only be 
sufficient for "something not quite right" to be recognized, stimulating 
the response move. In an adaptive system the possible response 
repertoire can also include change internal structure to regain stability. 
However both these cases assume appropriate29 transduction capacity 
and give little insight as to how system four should arise in the first 
place. My suggestion here is that it is the utility of the infonnation 
provided30 by any element of a system in focus that rnoves it into a 
system four role, and that progressive refinement of this infonnation 
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source leads to its preferential resourcing due to the selective advantage 
it allows. 
The extension of this into more complex models allows for a simple 
'learning' process whereby it is possible for system four to 'hunf 
regularities, i.e., where there are internal crises which correlate to no 
apparent external stimulus externally facing elements can be set into 
search mode in an attempt to discover the regularities necessary to avoid 
similar problems in the future. And when this is the case it seems 
reasonable to suggest that any element that identifies such a regularity 
will receive preferential resourcing31 . 
Operational and Aspirational Environments32 
One of the issues that arise at this level of the model is that the system, in 
tracking these regularities can be seen to adopt two foci (and, therefore, 
in effect create two envirolllnents) - that I have tenned "operational" 
and the "aspirational". These environments, as the names suggest, deal 
~ "Appropriate" here is taken to mean capable of recognizing those environmental stimuli that lead to 
intental pertwbation. 
10 Initially by chance in the biologicall11odel. as is allowed for in Kimura's modcl (sec chapter SIX). 
31 And. i~ the opposite case. i.e .. where recognition of such ~gularities ~se to have an~' advantage 
(as in the case of the mole-rat and light) "ill receivc a progrcssl,oely reducmg resource 
l~ This block is shaded because it is the result of an Iteration from the "application" back mto ttus 
"theoretical" section. 
~.,., 
. --
~ ........ - ... -.. .
. "~
with two different futures for the system in focus and are driven by two 
differently focused discourses undertaken by system four. 
The first, the operational, can be viewed as being predominantly between 
system four and system three, within the "logical closure" (Beer, 1985, p. 
129) provided by system five. Here the system operates as Beer would 
suggest, that is what I have termed the evaluation of the activities of the 
system is based on the extent to which they enhance the existence of the 
system as it is in some way. That is to say, that system five can be 
regarded as static, and "... will monitor the operation of the balancing 
operation between Three and Four." (Beer, 1979, p. 259) against that set 
of values detennined to represent identity. This identity, however, can be 
seen to exist in a relationship with the environment. And it is at the level 
of this (ideally) constant relationship with the environment that any and 
all adaptive changes are made. In practical terms, as was demonstrated 
by the experience with the dentist (see chapter ten), the activity 
undertaken by the system in response to this level of interaction with the 
environment is "How do we become better at what we are doing?". This 
is Dot the same as asking HHow do we do it more efficiently?,', as this is 
I 
a resource allocation issue, but is more akin to "What 111ust \\'C do to I 
I 
more effectively satisfy environmental demands?", i.e., it is a resource I 
acquisition issue. Viewed in this way this operational environment can 
be seen to be the focus of Beer's area of "strategic" (1981, p. 164) 
activity and, in the wider context of this project the locus of quality 
management. 
The "aspirational" element, on the other hand, is the locus of a dynamic 
relationship between the system and its environment. And the choice of 
the term betrays the difficulty in relating it to the predominantly 
biologistic model employed in the rest of this chapter. In human or 
social terms it is a straightforward task to accept the teleological 
overtones of the word "aspirational" whereas once one moves away from 
this arena it becomes problematic. I believe, however, that it can be 
argued that the random Inutation implicit in Kimura's model (see chapter 
six) creates a dynamic relationship between a biological system in focus 
and its environment in the same manner as human desire in a managerial 
system. The effect of both is to redefine the value set of the system and, 
therefore, redefine its identity. Because of this, the discourse undertaken 
by system four is pre-dominantly with systeln five, this time constrained 
by the capacity/capability of system three to allocate the necessary 
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resources to the system as a whole to allow the changes to be made. This 
assertion is implicit in the argument relating to the "approximation of 
self' presented in chapter seven and parallels Beer's "normative 
planning" (ibid). 
This discussion serves to underline the basis for the "selective 
resourcing" of the informational product of system four in that, in the 
operational environment, it allows for the efficient allocation of resource 
to the achievement of the effective operation of the system as a whole. 
And it also locates quite neatly the mechanism for the breeding in of new 
informational capacities. It is in the "aspirational" aspect of the system 
four discourse that the potential for new abilities of perception occurs. 
As stated in Gould's consideration of Kimura's theory (see chapter 
seven) the Inutation of "selection active" characteristics is damped 
which, in this context, leads to the formation and retention of a stable 
"operational level" system four discourse; whereas the rapid mutational 
effect in "non-active" characteristics may cause a redefinition of the 
relationship between system and environment. And this, in its turn, may 
cause the redefinition of the identity of the system and therefore change 
the selection status of individual characteristics. Thus can a parallel 
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between the teleology of human organizations and the largely random 
genetic drift of biological systems be demonstrated in the way that they 
generate a dynamic tension between the current and the immediately past 
constitution of the system in focus. 
System Five 
"To use personal pronouns in this way may jar, since we are talking 
about institutions; and yet there very definitely is such a phenomenon 
as corporate identity in every enterprise ... the enterprise as if it were a 
self-conscious entity ... " (Beer, 1979, p. 114). 
Beer (above) talks of the identity of the enterprise and, in this chapter and 
others, I have spoken of the value set of the organization or system. It 
appears that this awareness of self is necessary in order to define the 
value of actions or changes that are to be made, and the value of these 
changes is: 
"How does it affect nle?" 
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That is to say (again): 
"The viable system is directed towards its own production" (Beer, 
1979, p. 405). 
The role of system five as "variety sponge" (Beer, 1985, p. 125) that 
allows it to create the informational closure of the system is based on the 
answer to the question (italicized) above. And, because of the tension 
between the management of internal coherence and external management 
(and (e)valuation) of the material output of any given system in focus: 
". .. each level of recursion is likely to answer the identity question 
differently" Beer, 1979, p. 405). 
In its baldest presentation the role of system five is to decide whether to 
stay the sanle or change, either structure, direction or position - but in 
any and all cases (except the demise of the system) the outcome must be 
me. 
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To achieve this the system must choose, where it receives contradictory 
advice, between or in someway integrate the recommendations of system 
three and four (see Beer, 1979, p. 258, ff.). Here the calculus introduced 
by Beer (1981, p. 201 ff) and its implicit redundancy adds value to the 
discussion - but does not change the decision to be made. 
Beer also provides the basis of a dynamic model (1981, pp. 162-166) 
capable of representing this process (presented as figure seven). 
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Figure 7: "Measures 0/ achievement" 
(adapted/rom Beer, 1981, p. 16-1) 
With the tenninology of Beer's model amended to reflect that of the 
previous section (although the operational calculations renlain the saIne) 
it is possible to flesh out this representation to expose the role of system 
five. 
By inserting the figures from the previous sections "Actual" is seen to be 
cos{} (or possibly 1- cos{} if the system is exploitation rather than 
'profit' oriented), i.e., the ratio of input to output (i.e. the extent to which 
the "self' is produced given current resource levels). 
"Operational" represents the perceived carrying capacity of the current 
environment, that is, the level of resource available to the system if it 
were to fully exploit its current 'habitat'. Therefore "Fitness" is the 
measure of internal capacity (i.e. "Actual") to exploit an identified or 
nominated niche. Thus strategy or strategic change (given a relatively 
stable aspirational environmene3) would be constituted by progressive 
adaptive change in the internal capability of the system towards a state 
where its is able to more effectively exploit its environment. The role of 
system five within this activity is to provide the constraints or 
imperatives that render the environment system four is searching 
"meaningful" or relevant. Thus "1 an1 an .\" detennines that the 
environment "I" operate in will be one that is relevant to X's and, 
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therefore, that the informational equipment with which "I" scan this 
environment will be capable of identifying the elements of it that are 
relevant to "Me" as an X (see the section on the adaptation of system 
four, earlier) - this, of course, is part of the informational closure Beer 
(1979, p. 260) speaks of. This "closure", and by definition the access to 
environmental information, effectively determines the constitution of the 
"operational environment", thus what is perceived is, by definition, 
relevane4 . 
Because of this the effective role of system five in such circumstances is 
as 'arbiter' when the outcomes of system three activity and system four 
information lead to conflict or contradiction, in effect "What, or how 
much of both, to do?". 
This, as referred to (in the iterative discussion earlier) can be viewed as a 
"learning" activity exactly similar to the modification of behaviour 
driven by the feedback through Ashby's "essential variables" (1960, pp. 
H As can be predicted from the "watchdog" effect on the mutation of selection active characlcnsllcs 
diSCUSSed by Gould (1993. p. 40 I fT.) . 
.\~ Within the constrnints of the earlier discussion relating to the infomlational and ph~ SIC.11 nab11t1~ of 
system four elements. 
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80 ff.) with the addition of a gradation allowing for measurement of the 
extent to which the constraints of these variables are satisfied. 
Where the "Operational" environment is the functional habitat of the 
system in focus, the "Aspirational" is the environment it is moving into35 . 
There are two, general, possible reasons for this, i) it is the result of a 
volitional (therefore human) desire for change such as, for example, a 
change in market; or ii) it is the result of a structural change (and 
therefore not dependent on human consciousness) such as, for example, 
genetic mutation or environmental collapse. 
In both these circumstances the relationship between the environment 
and the systeln changes and, as a result of this, so does the 'optimal' 
balance between them. This results in a 'new' operational environment 
being created necessitating the re-calculation of the informational 
equipJnent of the system four function36 in order to support the creation 
of the 'new self . 
. \~ Note tJlat the tenn "aspirational" is used ~1use of the iterative nature of its introduction and is not 
intended to imply that non-human systems actively aspire to change. Indeed the maJont~ of this 
section of the discussion is based on the premise that this is not the case. 
16 In either the case where the focussed on environment or where thc S)·stcm itself changes tlus re-
definition of relationship can be expected to occur. rendcring the effect of both. on the ad.1ptl\c 
structures of thc system. thc samc. 
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However this re-definition of self is not unconstrained. In much the 
same way that the "ethos" of system five constrains the decisions taken 
regarding the advice and activities of the "three - four~~ discourse the 
viability of the identity determined by system five (whether by change of 
aspiration or by genetic mutation) is constrained by the physical ability 
of the "3-2-1" homeostat to extract the resource necessary to its survival. 
Darwin's assertion that" ... any variation in the least degree injurious 
would be rigidly destroyed" cannot be ignored. 
Thus system five can be seen to be the repository of the identity of the 
system, acting as both datum point and final arbiter - and in this way 
acting as the "variety sponge", creating the "infonnational closure" 
necessary to the evaluation of any and all systemic change and/or activity 
any given level of recursion. 
This is also why system five is shown (in figure one) is shown as having 
a direct connexion to the systems one. As repository of identity it must 
'know' what this identity is comprised of, and if, when and/or how it 
changes. 
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The Algedonic Signal 
"The cry is 'wake up-danger!'" (Beer, 1985, p. 133) 
In common with Beer (1985, p. 133), I have little to say regarding the 
"algedonic signal" in the abstract. However, it must be accepted that, if 
the parallel with the VSM is to be complete it must be present in some 
way. The model presented in figure one shows a direct connexion 
between system five and the individual systems one which, as stated 
above, I believe to be necessary for the maintenance and monitoring of 
the current state of physical (for want of a better word) identity. As the 
role of the algedonic signal is to " ... decide whether or not TO ALERT 
SYSTEM FIVE" (ibid) with a warning of danger, it is reasonable to 
assume that algedonia is crucial to the maintenance of identity and that it 
is served equally by this direct link. And further (note that the link is 
shown between systems five at different levels of recursion) that it will 
be triggered when any given system one feels that its continued survival 
(i.e., the maintenance if its identity) is under threat. 
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The Adaptive Eigen-vector 
The "adaptive eigen-vector" provides the closure of the model by taking 
a holistic view of systemic operation based on the notion of self, which is 
to say that all calculations are relativized against a subjective "Me". In 
the section of this chapter where the cosine model was developed beyond 
the operational to the managerial function of system three, I made the 
point that the calculation of total system performance could be 
represented as a single, fractional figure (cosil). This figure was 
constituted by the projection of a rotated vector onto the baseline of 
inputs from the environment, thus giving an overall efficiency measure 
of the system in any given environment. 
At the level of adaptive eigen-ness the goal is assumed not to be the 
efficient conversion of resource, but the effective maintenance of self. 
Thus the adaptive level of the model subsumes the operation of the 
operational and employs the efficiency measure in its calculation of 
effectiveness using a silnilar eigen-function model. 
At the operational level the system could be said to be stable when cosil 
~ O. However here the model is related to the identity of the system 
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(which is set equal to one) rather than the input value (as was the case in 
the cosine model). This adaptive eigen-function can be stated as follows: 
cos nEil 
where: 
E is environmental input; 
cosil is the whole system efficiency measure from the cosIne 
model; 
I is the numerical calculation of identity. 
This allows for a dynamic calculation of the operation of the system as a 
whole directed towards the Inaintenance of self which has as its result a 
single number equal to one when Ecosil = 1. Thus it can be seen that the 
system is in an eigen-state (i.e. it is stable in its constitution) when it is 
converting its environmental inputs into sufficient 'energy' to support its 
continued existence. 
The elements of this aggregate representation can be teased out in order 
to demonstrate the functioning of the elements of the "3-4-5" horneostat 
to achieve the eigen-state of the system in the following manner: 
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cos,{} is the information from system three regarding the efficiency 
of the system in operation; 
E is the information regarding the operational environment from 
system four; 
J is the actual numerical cost of operation and can be represented 
in disaggregated form as cos0 (the direct or variable costs of 
operation) plus the fixed costs of operation plus the managerial 
costs of the system as a whole. 
Thus when cosnElJ >1 the system is in a stable (or growth) state, 
however when it is equal to less than one it can be presumed to be in a 
stressed (or reducing) state. As the 'goal' of the system is to survive it 
will need to take action to prevent its demise, and the actions it can take 
are: 
reduce the variable cost of operation; 
reduce the fixed costs necessary to the functioning of the system: 
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move to an environment where its resource needs are metp . 
The role of system five in 'choosing3S, between these courses of action is 
facilitated by 'running the equation backwards', that is, calculating the 
necessary changes (to achieve the stable state) in individual variables if 
the others are held constant. This has an interesting effect when the 
results are fed into Beer's "measures of achievement model" (figure 
eight). It can be seen that the 'cost reductions' impact on the "fitness" 
calculation (i.e., the extent to which current operations meets current 
environmental conditions). And that the "environmental capacity" can 
be represented by the "aspirational" element. 
Aspirational 
To richer 
environment 
Operational 
Increased 
exploitation 
Actual 
Latency 
S4 Success 
Fitness 
Systemic 
efficiency 
Performance 
Resources are 
allocated 
based on 
improvement 
here 
Figure 8: Locating adaptin! hehaviour. 
)7 It should be noted that only the first two are 'adaptive' in the physical scnsc. 
38 The anthropocentrism is tIDrortunate. However.1 WOuld. suggest that biolo~icaJ ~'stems attempt all 
three simultaneously. within their physical constramts. untIl some stab~c state I.sreached. nus has the 
advantage of remo,:ing the need (within this representation) for con~lous \'ol1tlon or foresight. bcmg 
driven only by avoidance of 'pain'. and is. therefore. consistent \\lth the nOllon of sclf-a\\arcncss 
introduced in chapter seven. 
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And thus that: 
adaptation is an internal response requlnng no foresight or 
teleology beyond a basic survival instinct; 
it IS however possible, gIven only the basic capacity for self-
awareness inherent in the equation, to derive a basis for a nascent 
teleology. 
Both of which are driven (as suggested in Beer's (1981, p. 163) 
introduction of the model) by current conditions39. 
This is because the physical structures, and the emergent properties of 
their combination, that constitute the system detennine the baseline 
tolerance of the system to environmental pressures40 . And, because the 
primary activity of the system operates in response to what I have called 
39 This being because. given the discussion earlier, the existence of 'stress' or 'pain' implies, in the 
context used here. the necessity of a richer environment or a more appropriate structural capacity to 
exploit current conditions. 
40 Which is entirely consistent with the notion that all higher levels of the system arc ..... dependent 
upon the physics of their ... constituent sub-systems" presented in chapter seven. 
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the "operational environment", therefore, in the 'outside and now,41 
rather than Beer's "outside and then" (1979, pp. 225 ff.), it does not 
require any foresight or notion of future that may imply the need for 
one42. 
Which is to say that, when the system is adapting, it is in improvement 
mode - more closely approximating its existing eigen-state by refining 
a structurally determined (and therefore historical) repertoire in response 
to a defined range of immediate environmental stimuli43 . Whereas when 
it is 'hunting' it is attempting to approximate its eigen-state entirely 
within its current repertoire44 . 
It can also be seen from figure eight that a 'higher level' resource 
allocation model is present - one which 'decides' between physical 
41 This is a necessary consequence of a 'real-time' system. The existence of particular physical or 
informational structures can be taken to represent a form of 'learning' in a pragmatic Ashbean sense 
(see, 1960. pp. 82/3) in that their retention implies their validity, however this retention can imply 
either the extrapolation of their continued validity (which in turn implies consciousness) or the 
mechanistic solution to an immediate problem presented by an immediate environment (which does 
not). 
42 This, of course, does not preclude the existence of consciousness, but merely removes the need for it 
whilst retaining the functional ability of the system to operate effectively in a (perceived or 
experienced as being) relatively stable environment or structural form. 
43 Note that this activity will, to be consistent with the remarks made in relation to variety filtration in 
chapter seven. be made at a lower level of recursion. In addition, in its pure form (i.e., when the 
activity is entirely adaptive) it asswnes that the environment is fixed, i.e. the operational and 
aspirational envirorunents are identical. 
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value (and therefore the basis of Beer's system three/one "resource 
bargain") and informational value (consistent with the discussion of 
physical and informational viability earlier in this chapter). Here again, 
because the basis of allocation is "performance" (i.e. resources are 
preferentially supplied to those elements that produce an improvement 
overall), successful behaviours are reinforced irrespective of their 
location. Thus physical 'reward' reinforces informational output (see 
discussion of system four as a physically viable system)45. 
A Population Function 
Earlier in this chapter I described the co-ordination of individual systems 
one into a coherent System One by system two as capable of 
conceptualization as a "population function" (see especially note 14). 
And also lnade a case for the 'product' of a system to be treated as its 
waste product - but a waste product that was of value to the next higher 
level of recursion (see note 27). Making, in that context, the suggestion 
that a possible mechanism for co-ordination was the control of systemic 
44 This and the previous sentences have obvious implications for quality management. This being 
because, once a "specification" is established the environment (i.e. the demands placed on the system) 
is also fixed. Therefore the focus becomes internal (see discussion in chapter eleven). 
45 Note also that tltis notion of a physical 'cost' of information creates the basis for the "fixed" and 
"managerial" costs incurred in the operation of the system. In human organizational terms this may 
lead to the possibility of measuring the value added effect of management insofar as there is a 
measurable benefit achieved for a measurable incurred cost. 
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output via the control of population levels. That is that, for any gi\Oen 
level of technology46, the level of (system one) waste product produced 
could be seen as a function of the productive capacity of the indiyidual 
system one, which could be seen as a function of the 'population size' of 
that system one. 
I introduced there also the notion (following Margulis 1998) of the 
toxicity of the output of an individual to itself, and therefore the capacity 
of overproduction to reduce itself. Here I shall suggest a formal tTIodel 
to facilitate this. 
If the figures used in the calculation of the eigen-state equation at the 
beginning of this section are used in the logistic equation (used to tTIodel 
populations, see, e.g., Gleick, 1987, pp. 63/4; Prigogine and Stengers, 
1985, pp. 192/3) the equation below is achieved. 
Producti\'e capacity = P = J {IT+1 = (IT x r) x (I_I/co~Ulo)} 
Ie, i\ kchanical or biological. 
Which means that the productive capacity P is a function of the ability of 
the environment to support the population I, and the reproductive rate of 
that population. Thus the maximum productive capacity at any given 
time is the carrying capacity of the resources available, and the ability to 
move from one level to another is a function of the rate of growth. 
The population and, therefore the productive capacity, can be seen to be 
stable when: 
because; 
I x r x l/r = I 
In the stable state (i.e., where the equation above holds) the reproductive 
rate r will always be greater than one as long as the system itself is less 
than perfectly efficient in transforming resources into self. This is 
because any inefficiency in transformation will render the ( 1)/ cosOE) 
element of the logistic equation less than one and, therefore, necessitate r 
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being greater than one to compensate and maintain a constant population 
level over time. 
This, of course, provides the "expansionist tendency" referred to earlier. 
Thus, when the environment expands (i.e. becolnes richer) the population 
(and therefore the productive capacity) of the systeln \\'ill grO\\': like\\'ise 
when it contracts so will the population of the systeln (by starvation). 
However in a rich environlnent where the systeln is over producing, an 
inversely proportional link between the concentration of its output and 
the reproductive rate will satisfy the toxicity criterion. Rendering the 
reproductive rate fractional (i.e. less than one) \\'ill reduce output 
irrespective of available resource and, thus, reduce the overproduction. 
I n this way it is possible, again using only the model of self, to suggest 
an approach to lnanaging across different sets of values. At this point the 
systeln in focus (follo\\'ing Beer's rubric) becolnes the systeln one of the 
next higher level of recursion and, therefore, subject to the protl)cob 
suggested for systellls t\\'o and three earlier in this chapter. 
Summary 
This chapter has introduced a re-interpretation of the Viable SystelTI 
Model based on the explicit inclusion of a physical elelnent alongside the 
informational elements defined by Beer. This re-interpretation \\"as 
informed by the mathematical models discussed in chapter fiYe and the 
notion of the "eigen-system", a self creating entity based in the 
mathematics of quantum physics. And although it cannot be pro\'en that 
either of these bodies of knowledge are formally applicable to either 
individual biological systelTIS or the social arena (note ho\\"ever that 
Allen (e.g., 1994; 1997a; 1997b) has used silTIilar ideas in social 
planning) they have had great illustrati\'c value in this context. 
The lTIodel has a nUlTIber of differences to Beer' s 'pure' fonn of the 
VSM, lTIOSt significantly: 
the conneXlon of systelTI three to the environment \\'hich 
looks very different but really only constitutes a logical 
- - -
convenience, but is consistent \\"ith the notion that the lTIodel 
is digestive. taking in gross inputs \\"hich it COl1velis ,Irefines 
into itself and a waste product \\"hich is then released into 
the environment; 
the formal connexion of system two at any given level of 
recursion to system four of the next lo\yer level. thus 
reinforcing the belief that the co-ordinative function of 
system two is an infonnational role and that the response of 
the lower level systeln to co-ordinati ve pressure is 
essentially adaptive, both at the level in focus and the next 
level down: 
the explicit connexion of the 3 * channel froln the systelns 
one at any given level of recursion both to their own SYStCI11 
three and that of the next higher level; 
the treattnent of the lnanageriallinfonnational elelnents (i.e. 
those that Beer has as incapable of independent viability) as 
physically viable, \\hilst accepting the assertion that they arc 
,,?/i)rmalionally non-viable, thus providing a basis for an 
adapti\c function in these elelnents~ and, 
the division of the environments \vhich fonn the focus of 
system four into ~~operational" and '-aspirational", thus 
identifying an additional "outside and now" locus for 
acquiring feedback regarding current activities. 
In addition to this the looser connexions between the levels of recursion 
(permitted by the eco-systeln interpretation of the operational level) 
allows Systelns three at the next higher level to "see -, R-J (see figures 
four to six) as the output of its contained systelns one and is, therefore 
able to "value" the very thing that the systeln one sees as toxic. The 
value set applied is an elnergent property of the level of recursion and, 
thus, operates according to a non-lnonotonic logic, i.e., what is "good" at 
one level is "bad" at another. 
The vie\\'ing of each of the levels of the systeln as variable at the next 
higher level (as assluned in the cosine Inodel) \\ill tend to cause either a 
clll"\'ed perfonnance plot or discontinuities in percei vcd perfonnance 
bccausc of the fixed elelnents of internal operational costs, Thc 
discontinuitics C31L ho\\'cYCL be seen to cOlTespond to the "step changcs" 
in systems performance identified by Ashby which he considers to " ... 
occur abundantly in nature ... " (1960, p. 88). One form of which has the 
characteristic that " ... the use of two parameter-values ... [causes] the 
appearance of two fields ... " (ibid, p. 94, brackets added, see also pp. 
72/3). Thus Ashby is stating that changes to the parameters of a system 
can cause discontinuous changes in its output performance~ changes that 
would, for example, be expected if the operational elements of a system 
were to undergo evolutionary change. This being because evolutionary 
changes in systems one would redefine the characteristic angle cos0 (see 
fig. 2) thus establishing the system on a new output performance "field". 
Each of these "fields" representing a stable or eigen-state of the system. 
A final point, due to the eigen-system element of the model, is that this 
interpretation holds the promise of advances in the use of the VSM as the 
basis of the computer simulation of adaptive entities and the design of 
information systems along similar lines. This should also enhance the 
ability to integrate and focus human decision making in the managerial 
environment. 
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Part 
Three 
Chapter 9 
Supporting the Standard 
Introduction 
"This approach enables an organization to reduce the risk of failing to 
satisfy its customers. It provides confidence to the organization and its 
customers of its ability to provide products that consistently fulfil 
requirements" (BSI 1999d) 
The abstract above lnakes it clear that the intention of the provision of a 
standard for the design and ilnplelnentation of a qual ity Inanagelnent 
systeln is to engender confidence that an organization is capable of 
supplying the product (or sen'ice) that it is contracted or retained to 
proyidc. Thus the standard itself is intended to supply criteria by \\hich 
an aSSCSSlllent can be lnade as to \\'hether the l11anagelllent SystClll an 
... - ... 
, "\ , 
organization has in place IS sufficient to the task of controlling its 
operations to that end. 
In this chapter I will discuss the model developed in the previous chapter 
in relation to ISO 9001 :2000 (CD2) and ISO 9004:2000 (CD2) with a 
view to establishing: 
a) that the model is capable of supporting the application of the 
standards, i.e. that it is capable of satisfying the criteria (requirements 
in 9001 and recommendations in 9004) they state as necessary; and, 
b) how informing their application in this way adds value to the 
organization and its operation by clarifying the business decisions to 
be made at any given point in the quality management process as 
defined in the standards. 
The model developed in chapter eight provides a theoretical basis for 
viewing organizations as adaptive, autopoietic entities based on the 
Viable System Model of Beer (various). In it the emphasis was on the 
ability of the system to exploit the environment to recreate itself, with the 
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residual output (i.e. that portion of the total input that is left over after the 
recreation of self has been achieved) being treated as waste. However: 
"ISO 9001 states quality management system requirements for use as 
a means of ensuring conforming product and/or service ... " (BSI, 
1999c). 
Taken together with the extract at the beginning of this chapter, the move 
of focus inherent in this is away from the creation and/or maintenance of 
self to the control of output quality. Thus the emphasis moves from 
value to the system to value to the environment - in effect the system is 
expected to concentrate its efforts on the characteristics of its waste 
product. 
The obvious tension between the two interpretations is, I believe, 
responsible for the discrepancy between the common usage of the word 
quality and the more scientistic definition used in the "quality 
comlTIunity" (e.g., the "confonnance to requirements" style of 
definition). Because of this the exhortations of the quality movement 
(evident in the extract above) can appear to devalue or disregard \vider 
355 
(and more tangible) business necessities. And appear to regard 'quality' 
as some form of ideal (but external) characteristic to be achieved rather 
than as an integral, dynamic characteristic of the organization, its 
capabilities and the (possibly changing) demands of its environment. 
I believe that the model presented in the previous chapter explicitly 
overcomes this problem by providing a rigorous grounding for the 
assertion that the successful organization must satisfy two apparently 
oppositely directed constraints: 
continued survival by way of self-recreation, i.e., the 
business constraint; and, 
adaptedness, by way of providing for, or fulfilling, some 
environmental demand, i.e., the quality constraint. 
In the suggested model, quality management, in the sense implicit in the 
statements above, must be directed towards the "operational 
environlnent" loop. That is to say that "quality" (defined as 
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confonnance to requirements) assumes the "relatively stable ., 
environment alluded to in the previous chapter and is concerned with the 
continuous refinement of the operational behaviour of the organization in 
order to ensure that these "requirements" are more closely 
. d1 approXImate . 
As would be expected from this focus, the result of such emphasis is the 
creation of a stable identity for the system and, therefore, increasing 
effort being expended on the achievement of effiCient provision or 
minimal conformity. Thus the aim of quality management system is to 
ensure, as a minimum, that minimal conformity is achieved at all times 
- and the value of certification to a standard is to demonstrate that it is 
capable of this2. 
To a great extent, the contents of the 9001 standard, rightly, focus on this 
area of organizational perfonnance. However the 9004 standard attempts 
to go further, into the realm of "performance improvemenf'. And here, 
as will become apparent, as the sections of the standards are considered 
I This is bec.1use. once established. the requirements take the fonn of an environmental constrninl or 
demand. i.e .. "Provide this". And. once established. the requirements tcnd to be stable. laking the 
foml of a contractual or legislative obligation and therefore having little or no scope for change. 
~ Note that this is not a pcjorntive remark. but a prediction based on the cybernetics of the model 
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in turn, a degree of confusion (caused, I believe, by a lack of theoretical 
grounding) arises. 
This confusion is understandably most apparent in what (both) the 
standards call continuous improvement - where one can be sure of 
neither what is to be improved nor what an improvement would he. This 
I believe to be a direct consequence of the presumed (on the part of the 
standards writers) equivalence of immediate ,"operational", quality and 
longer term, "aspirational", quality. Because of this, quality management 
and performance improvement as defined in the standards are assumed 
to constitute the armoury of survival of the organization. However, 
following the model in chapter eight, such an annoury can be fully 
effective only if it is applied as a integrated element of a wider 
effectiveness management strategy - one that also explicitly treats 
internal (i.e. efficiency) needs, alongside the (operational and 
aspirational) environmental, to deliver tangible business benefits. 
In the following the sections of ISO 9000:2000 CD2 are presented out of 
their original sequence (i.e., not in the order they are presented in the 
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standard), as it is felt that this will be more akin to the construction of the 
adaptive model. 
Product and/or Service Realization (7) 
The definition of the elements necessary to this "realization" are: 
"Processes that are necessary to realize the product and/or service and 
their sequence and interaction ... " CBSI, 1999a, p.IS). 
Thus it is apparent that the elements of the organization the standard is 
referring to are those that Beer (and I, following his terminology) would 
call system one and system two (system two being necessary to enable 
management of their "interaction"). And what Ashby, in his definition 
of the ultrastable system calls "... the system that acts ... the part 
responsible for overt behaviour" (Ashby, 1960, p. 80). 
To satisfy the requirements of the standard the constituent elements must 
be operated " ... under controlled conditions and produce outputs which 
meet customer requirements" (BSI, 1999a, p. 15). The guidance the 
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standard provides as to how the organization may fulfil this requirement 
is that the organization shall: 
a) establish methods and practices relevant to these processes ... ; 
b) determine and implement the criteria and methods to control processes ... ; 
c) verify that processes can be operated to achieve product and/or service 
conformity .. ; 
d) determine and implement arrangements for measurement, monitoring and follow-
up ... ; 
e) ensure the availability of the information and data necessary to support the 
effective operation and monitoring of the processes; 
f) maintain as quality records the results of process control measures ... " (BSI, 
1999a, p. 15). 
While the related clause from ISO 9004 :2000 CD2 that: 
"The definition of quality requirements normally relates to how an 
activity is to be performed, while quality objectives are measures of 
process output or achievement. This lends itself to the recognition of 
any organization as a collection of processes and activities. 
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The principles of process management should be applied to any 
activity where work takes place. A process consists of inputs, activities 
or work and outputs or results. To ensure all processes operate as an 
efficient system, the organization should undertake an analysis of how 
processes interrelate, while recognising that the output of one process 
is often the input to another. 
Key processes of the organization are related to the achievement of 
product andlor service outputs. In addition, processes for health and 
safety, environment and risk management should be considered." (BSI, 
1999b, p. 34). 
It should be apparent from the description of the model presented in 
chapter eight that the "process" to be managed is system one taken as a 
whole and that the "key elements" of this overall process are represented 
by the individual systems one. The wider aspects of the model (i.e. the 
inclusion of system two and the "3-4-5" homeostat) and the ability to 
represent the process as a combination of linear and parallel interactions 
provide the structural ability to manage systelTI outputs. 
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By necessity some of the activities necessary to this control are "meta-
systemic" (see Beer, 1979, pp. 199 ff.) in that they rely on the "3-4-5" 
functions, rather than being wholly contained in the "3-2-1" homeostat. 
This control is achieved in the following manner: 
a) overall output specification is defined at system three, i.e., 
specification of the output characteristics is included as a survival 
criteria and the costs of meeting these criteria are calculated as an 
integral part of the cosine calculations suggested in chapter eight. 
Therefore three star, at any given level of recursion, must carry as an 
integral part of the reporting procedure data confirming that output 
confonnity has been achieved for that level. 
b) process design is defined at system three as a result of the operation 
of the "3-4-5" homeostat. That is to say that the positioning in 
relation to the environment made possible by the operation of the "3-
4-5" homeostat defines 'what the system must be' in order to survive 
by defining what the system must provide to the environment in order 
to secure the necessary resources to support its existence. This is the 
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location of the interdependence between the model of survival and the 
traditional quality management model as it is the locus of both 
viability and autopoiesis. System three enforces the process design 
by selective structural resourcing based on continued contribution by 
individual elements to overall goals or performance criteria3. A 
further consideration here (because the "organization" has become 
socio-economic rather than biological) is that Beer's "audit" capacity, 
providing "... direct access ... to the operations themselves ... " 
(1979, p. 211) is necessary to allow the informational closure of the 
process design loop 4. 
c) system two retains its co-ordinating role based on the "toxicity" 
model as before, but now the figures for input/output requirements 
explicitly include the formal specification in addition to simple 
quantitative measures. This inclusion is consistent with the biological 
model, suggesting that something that is not recognizable as an input 
. . 5 
IS not an Input . 
3 Note here that the indh'idual systems one are the elements of the vcctor model introduced in chapter 
eight. ~ Note that the contractual (i.e .. social) ability to intervene in the internal affairs of a systcm at a lo\\cr 
le\'el of recursion is necessitated because the system in focus is itself operating under a contr.1ctual 
(i.e .. social) rigidification of allowable outputs to its environmcnt not faced by the biological ~'SICI11 
S Note again the contractual implication. 
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d) the individual systems one represent the separate tasks necessary to 
the creation of the overall output at the level of recursion in focus. 
The explicit recursiveness of the model, however, allows for the 
decomposition of these 'individual tasks' into levels of increasing 
detail. This is a significant advance on the 'central command' 
approach (implicit in the standard in its current form) as it allows for 
each separate level of recursion to be equipped with its own 
management function. In this way the responsibility for quality can 
be embedded into the fabric of the organization, and, because of this, 
the entirety of this chapter is applicable to each of these elements 
individually. 
Thus, in tenns of the stated requirements of the standard (i. e., 9001, see 
above); 
a) the establishment of relevant methods and practices is met by the 
process design activity which is part of the role of the "3-4-5" 
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homeostat and which is enforced by selective resourcing6 on the part 
of system three 
b) determination of control criteria is, necessarily, the responsibility of 
system three at any given level of recursion as is the implementation 
of 'post-process' control measures (this relates to the 'selective 
resourcing' mentioned earlier. However implementation of 'Inid-
process control' and the methods applied thereto are, in this model, 
the responsibility of the system three of the next level of recursion 
down. In both cases the information necessary to the exercise of this 
control is carried around the three star (performance reporting) an 
(what Beer, 1979, p. 252) calls the "command axis" and must be 
regarded as a function of the stated characteristics required in the 
output and the capacity of the system one 7. 
c) verification of the internal capacity of individual processes (i.e., 
systems one) is a process design activity at the next lower level of 
recursion and should include, as in "a" above the "3-4-5" homeostat 
6 Note that this could include. in a social system. sanctions for inappropriate beha\'iour that \\ould not 
~ available to a biological system, 
lllat is to sa" that it is of no use to monitor or control for an output that the system onc IS not capablc 
of producing .. 
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at that level of recursion operating within the performance constraints 
established at the level in focus. At any given level of recursion all 
other criteria must apply. 
d) arrangements for measurement and monitoring are the design of the 
three star channel and must, therefore, be a function of desired 
outputs/performance criteria and the capacity of system three to 
enforce control lneasures through selective resourcing. Follow-up 
actions can then be seen as adaptive responses on the part of system 
three to bring performance back into line with requirements. 
e) Given the existence of an effective three star channel the availability 
of information and data to managenlent is ensured providing that 
appropriate data capture is designed in to the individual systems one. 
Effective operation of these processes falls to the design of systenl 
two which, if the suggested model is implemented, is a largely 
automatic function and the capability of the command channel. 
f) In a biological systeln the "quality records" would exist as leanling or 
evolutionary change, retained because the action taken \\"as ~fTecti\'e 
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at producing the desired output. Therefore the can be no . in 
principle' exclusion of the retention and/or recording of such 
information in this model. Assuming that the majority of infonnation 
is captured and/or recorded using current information technology the 
generation of such records is not problematic8. 
Thus it can be seen that the model proposed can not only support the 
stated (general) requirements of ISO 9001 and ISO 9004 but, by locating 
the points and necessities of certain types of control operations, can aid 
in the design of the organization. This extension of utility should 
enhance decision Inaking quality by targeting the allocation of resource 
and managerial effort to the organization as a whole rather than merely 
on its output. 
Resource Management (6) 
The standard (as at CD2) appears to be ill defined on precisely what is 
intended by the word "resources". However the general requirelnent is 
that: 
II Even where such teclmology is not used this requircmcnt is simply. tfsomc\\hatlabonou,h fulfilled 
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"The organization shall determine and provide in a timely manner, the 
resources needed to establish and maintain the quality management 
system." (BSI 1999a). 
The implication here is that there is a requirement to fund the quality 
management system. However, the remainder of the clause makes it 
clear that this responsibility extends (sensibly in my view) to the 
provision of resources to enable the proper functioning of the 
organization9 as a whole. 
A second area of potential confusion is that nowhere In the clause is 
there any reference to the provision of raw materials 10. Given this lack 
of clarity in the extant text, and the items that are specifically included 
(i.e., "human resources", "information", "infrastructure" and '''work 
environment") a reasonable interpretation is that "resources" are the 
equivalent of what I have called 'structural resources'l1. And thus is it 
9 It is assumed that. because of its tenns of reference (i.e .. quality management) the standmd would 
require the provision of such resources as relate to the provision of "confornling product and/or 
service". However I would argue that the model presented in these chapters requires a morc 
exhaustive view of "resources" and would create a more robust process as a result. 
10 Given that. in both ISO 900] and ISO 9004 the organii'ation is secn as a 'transformation machine', 
converting inputs to outputs this is indeed of concern. And. although it may be claimed that this is 
addressed under "purchasing" (clause 7.4) no reference there is made to ensuring continuity of suppl~' 
to allow uninterrupted operation. 
II lbat is to say, those items that facilitate or allow the operations to continue but arc IK'"1thcr 
transfonned nor consumed in the process. 
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possible to treat "resource management" as defined in the standard as the 
planned provision of the structural capacity to supply "product andlor 
service" to the required standard. 
In a static system such provIsIon would be the result of a simple 
interpretation of the received output specification in terms of structural 
needs, in short, an operational matter - a basic system three task. 
However, because in ISO 9004: 
" Resources necessary to permit and promote changes should be 
considered ... [and] Planning for future resources should be a part of 
the management review." (BSI, 1999b, p. 27); 
it IS apparent that, even where it is not a "requirement" for 
certification 12, resource management is seen to be a dynamic rather than 
static function. 
I~ ISO 9004:2000 constitutes "Guidance for performance improvement" and is. therefore. acl\',,\IIry. 
rather than containing a set of "requirements" which can be assessed as a basis for certIfication 
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This implicit inclusion of a dynamic element to the prOVISIon of 
resources in the organization creates a problem for the operational 
manager in that: 
"Requirements for all resources should be defined in tangible terms 
... " CBSI, 1999b, p. 27). 
Because, as I have argued elsewhere in this document, output quality is 
part of the extemalloop (i.e., defined by the environment rather than the 
system itself) any tangible definition of resource needs will need to be 
responsive not only to non-conformity to existing specification but also 
to moves in the specification itself. Here the Janus-like character of 
system three arises again. 
As the central resource allocation function for the whole system, system 
three 'knows' at any point in time the level of resource available for 
distribution (as, for example, an integral result of the cosine calculations 
suggested in chapter eight) 13. 
Il / ....... "'l-' 4i" It should be noted here that sYstem three resources hoth the "3-2-1" homcostat am UK; • -. 
homeostat. Tlus is important' because the is an asswnption. implicit. m the standlrds. that 
'management' docs not constitute a cost. However. tJle discussion of spa/ax m chapter elg!lI makes It 
clear that there is a basis for the c\'aluation of the management role in tenus of a \'''/lit addtd cntenon. 
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As an operations management unit, that is as an element of the "3-2-1" 
homeostat, system three is concerned with "doing things right" (Dudley 
and Beckford, 1999a) according (because of the inclusion in the cosine 
model of throughput as well as structural resource) to two sets of criteria. 
The first of these criteria relate to the autopoiesis of the organization 
which, although not strictly necessary to the operational quality 
argument, is necessary to the continued ability to provide. The measure 
applied here is "cosfJ' and is possible because system three has access to 
'total resource received' information and 'total resource used' 
information. Where "cosil' is greater than zero the resource available is 
greater than the resource necessary for the system to recreate itself and 
is, therefore able to continue to exist in its current form, under current 
environmental constraints and demands. 
Within the absolute resource constraint implied by "cos{]', system three 
is able to allocate residual resources to ensure continued provision of 
and, therefore. it is possible to explicitly include management quaJit~' in thc rCl1ul of a quahl~ 
management system given suitable models of organiz.3tion, 
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'within specification' output 14. As can be seen from the extract abo\'e 
the basic requirement of the standard for resource provision is entirel\' 
J 
consistent with the "inside and now" (Beer, 1979, p. 199), emphasis of 
this face of system three. As such quality perfonnance measures (as an 
integral part of the three star function) such as, e.g., percentage 
throughput within specification, are only meaningful within a pre-
established or pre-stated goal figure, such as, e.g., "not less than ninety 
five". This is because, as an operational resource allocator, system three 
is an 'efficiency machine', therefore operating within an implicit value 
set, over which, in this role, it has no control. 
Because of the fact that, in this role, system three is concerned with the 
internal functioning of the organization - and that therefore any direct 
perception of quality, defined as a function of the environment, is 
unavailable to it - it must rely on indicators of quality. And these 
indicators are represented by perfonnance criteria which have been 
established in advance and therefore are necessarily external to its day-
to-day operation. Therefore the resource provision undertaken at this 
level can be expected to comprise the selective application of resources 
I ~ The amount of resource available for this was defined III chapter eight :15 "cos!i" 
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and/or sanctions directed at the minimization of de\ iations from. or the 
maximization of moves toward, the achievement of this (i.e .. the extant) 
standard of performance. Unsurprisingly, and in a manner that is entirely 
consistent with the operation of the "3-2-1" homeostat as described in the 
previous chapter, this can be expected to lead towards a stable or 
equilibrial point, or simple homeostasis. Unfortunately, for the 
organization, this state of affairs has, at least since the time of Bogdanov 
(see, 1996, pp. 188 ff) been regarded as pathological in a dynamic 
en vironmen t. 
In order for the system to overcome this pathology, and to fulfill the aims 
of the "guidance" contained in ISO 9004:2000 in relation to the 
management of change, the 'second face' of system three is necessary. 
As an element of the "3-4-5" homeostat it is party to the discussions 
relating to the strategic15 allocation of resources. In fulfilling its role as a 
member of the "3-4-5" homeostat system three takes with it information 
relating to gross resource availability and current perforInance, which 
comprises the '''cos{]' as a basis for the quantification of performance 
relating to continued survival and (in this context) achievelnent of 
""'7""' . 1 • "I
current quality objectives. The role of the "3-4-5" homeostat is, using 
the mechanisms described by Ashby (1960, pp. 80 if.) to ensure that the 
system as a whole is fulfilling environmental demands, a role that can 
only be carried out at this level because it is only here that the system is 
able to monitor whole system environmental demands. 
The decision made at this level, in relation to resource allocation is, 
effectively, "What do we need to be in order to satisfy this demand?", 
and, therefore, "What do the performance objectives need to be to 
facilitate this?". The answer to the second question resets the objectives 
that system three attempts to achieve in its operational role and, 
assuming that the resources necessary as part of any changes identified 
are available, system one begins to function under the revised set of 
operational constraints. Where sufficient resources are not available 
some level of prioritization will be necessary (defined by the "3-4-5" 
homeostat) before operational objectives and budgets can be finalized. 
In either case it can be seen that resource prOVISIon (within current 
availability and performance objectives, and, therefore, within the 
l!i Strictly speaking this element constitutes "managemcnt responsibility", the subject of the ncx1 
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constraints of the requirements of ISO 9001:2000) is a strictly 
operational matter, but that there is no facility for adaptation or change 
- and therefore will lead to a static fonnulation of resource 
management. However where the gUidance of IS09004:2000 is taken 
into account it is also necessary to include the wider capability of the 
entire "3-4-5" homeostat in order to be able to ensure that \vhole 
organizational objectives are met. 
Management Responsibility (5) 
The general requirelnents for the fulfiltnent of managelnent 
responsibility state that: 
"Top management shall demonstrate its commitment to: 
a) creating and maintaining awareness of the importance to fulfil 
customer requirements; 
b) establishing the quality policy and the quality objecti\'es and 
planning; 
c) establishing a quality management system; 
d) performing management re\'ie\\'s: 
L') ensuring the a\'ai labi I ity of resources," (BSL 1999a, p. 11), 
In the absence of objective measures for measuring this "delnonstration 
of commitment" it is necessary, in this section. to mo\'e a\vay froln 
. ~ 
dealing with 'general requirements', as is the case in the rest of thi~ 
chapter, to the individual sub-clauses which contain the tenn (or 
variations on tenn) "the organization shall ... ". This being on the 
assumption that management commitment is adequately delnonstrated on 
the basis that the organization has ... 
Beyond the "general requirelnents" (5.1) there are six sub-clauses (i.e., 
5.2 - 5.7), treated in order below. 
Custolner requirements (5.2) lnust be detennined, fully understood and 
Inet. A consistent application of the model presented in chapter eight 
indicates that this is prilnarily a system four role at any given le\'e\ of 
recursion, particularly in relation to the "determination" and information 
received relating to the "lneeting" of requirelnents. Howe\,er, their being 
full\' understood IS lnore cOlnplex. Understanding Clistolllcr 
requirelllents at the \c\'e\ of value to the cu~tolner retllain~ a systenl four 
role. but understanding the requirelllents in relation to their ilnpact on the 
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organization Inust include both system three and svstelll fi\c. This is 
- -
because the "viable system" must ensure that the satisfaction of such 
requirements will not compromise its viability (a systeln fi\e function) 
and beyond this, that it has, or can obtain, the capacity and or capability 
to fulfil them (an adaptive element of the system three role). 
As customer requirements can be assumed to define the "prilnary 
environment' in which the organization lnust exist they lnust also be seen 
as the primary driver for organizational adaptation. That is, that 
changing custolner requirelnents (or attelnpts to better achieve existing 
custolner requirelnents) pose an adaptive challenge to the organization. 
Because of this, although they are captured or identified as part of the 
environlnent scanning function of systeln four, they can only' be 
evaulated and internalized (and, therefore stimulate internal change) as a 
result of the operation of the "3-4-5" ultrastable mechanism as a \\"hole. 
Only \vhen this process has been completed is it possible for the "'~-2-1" 
elelnent of the organization to settle into a stable (or planned transitional) 
tHode of operation that allo\\"s it to attempt to fulfil the designed output. 
"7 .... 
_" I 
Legal requirements (5.3) relating to the --quality aspects" of output can 
be seen to operate as an environmental constraint. This constraint can be 
operational (e.g., there may be requirements as to the processes that can 
be undertaken in terms of hygiene measures, as for eXaInple in the food 
industry) or relate to performance of output in end use (e.g., ~trc~~ 
paralneters in the aircraft industry). This section overlaps (to sOlne 
extent) with the requirement in 7.3.2, ( e) for the consideration of "any 
other requirements essential for design and developlnenf' (BSI 1999a, p. 
16) and ilnplies a level of professional ism \vhich, for the Inost part, the 
standard itself seelns reluctant (or unable) to tackle. As an integral pari 
of the negotiation of contract (i.e. the detennination of requirelnents) at 
the level in focus or as part of the design process (\vhere this is 
applicable) at the next level down, such requirements are, I think, and a~ 
such part of the systeln four role. 
Policy (5.4) at the level the wording of the standard implies is the 
definition of the idcl1ti(v of the organization and, as such, i~ clearly a 
s\'stenl five function. The \vordin}2: of this clause, in relation to the ~ . 
appropriatcl1es~ of the policy "to the needs of the organi/ation" and the 
pro\i~ion of a "fralne\vork for establishing and re\'ie\\ ing quality 
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objectives" mIrrors the essential aspects of Bee( s (1985. p. I ~ 5) 
definition of system five as a "variety sponge", in that it provides the 
baseline values for organizational decision making, Ho\\'e\'er, I find it 
difficult to understand how the organization can detennine the 
appropriateness of its policy to the needs of its custolners (5 .-t (a) t 
beyond an historical relevance to the Inarket. Other problelns \\'ith the 
remainder of this clause (both highlighted and dealt \\'ith by the 
suggested model) are the basis for cOlnlnunication, understanding and 
ilnplelnentation "throughout the organization" (5,4 (d)) (because the 
bureaucratic structure ilnplied in the standard is Inore like to erect 
barriers to effective COlnlnunication and acceptance of responsibility and 
which is overcome by the recursive nature of the model suggested), And 
an apparent ignorance of the fact that changing the policy will effecti \ely 
change the identity of the organization - \\'hieh has the potential 
consequence of changing the structure of the organization and. thus 
invalidating existing quality control procedures. 
Planning (5,5) can no\\' be seen cOlnprise t\\'o aspects~ the higher le\el 
'''\Vllat should \\'e do about the \\'hole organizational ilnpact of \\ hat 
s\'st elll fOllr is tell i ng llS '?" \\'h ic h \\'i 11 integrate po I icy changes (as 
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mentioned above), and the more directly operational "What addition to, 
or subtraction from, resources shall we allow to the operational element 
of system three to allow us to achieve this?". The (9001) standard (5.5.2) 
emphasizes only the latter interpretation, thus it has a great deal to say in 
relation to operational quality (i.e., quality as if it stood apart from the 
value sets of the organization involved in its provision), but very little in 
terms of the effects this provision may have, or the business benefits or 
disbenefits, that may accrue to it. This strengthens the assertion that (as 
it stands) the standard does not fully appreciate, and therefore cannot 
provide, the mechanisms necessary to support adaptive processes in the 
organization nor fully realize the advantages to be gained from their self-
critical application. 
Given that the (9001) standard relates to the implementation of quality 
management systems it is not surprising that one of its requirements 
(5.6) is that one is established. The advantage derived from the 
application of cybernetic modelling in general, whether Ashby's 
ultrastable system in its pure form, Beer's viable system model, or my 
interpretation of them, as particular instances thereof, is the location of 
the various elements of the management of quality in and around the host 
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organization and its environment. This location is based on the types of 
information necessary to and the organizational impacts of, the decisions 
to be taken and, because of this, it is possible to integrate the quality 
management system into a wider management system that supports the 
creation and management of an effective and efficent organization. 
The final explicit element of "management responsibility" lS 
"management review" (5.7). Here again it can be seen that the activities 
to be undertaken fall into the two distinct categories of 'management' 
(i.e. relating to "3-4-5" activities) and 'operations (i.e., relating to "3-2-
1" activities). Where, for example, " ... changes to the organization's 
quality management system, including policy and objectives" (5.7) are 
necessary as a result of a review, it can be seen that the impact of such 
changes will be structural or relate to the established values applied in 
the organization and, as such can only be undertaken in the domain of the 
"3-4-5" homeostat. However, where activities relate to, for example, 
"process performance and product conformance analyses" (5.7 (c» or 
"process, product and/or service audits" (5.7 (h» they fall within the 
remit of the "3-2-1" homeostat. This being because the former will tend 
to the creation or alteration of the bases of evaluation of organizational 
381 
activity, whereas the latter are based on the results of evaluation within 
these bases. 
The ISO 9004:2000 guidance relating to "management responsibility" 
begins with the statement that: 
"Management responsibility should include the following actions 
needed to achieve the continual improvement of the organization. 
Planning 
Deployment 
Checking 
Improvement" (BSI 1999b) 
Which is an obvious adaptation of Deming's (1986) "Plan-Do-Check-
Act" cycle. The standard (9004) also goes on to state: 
"Top management should define the objectives within the organization, 
and the responsibility of all management to operate in a manner to 
achieve these objectives. 
382 
Top management should also define a mechanism for the evaluation of 
performance in the strategic decision making process, which is their 
direct responsibility. Striving for quality improvement should be an 
integral part of the organizational strategy. 
Top management should also periodically evaluate the culture and 
review the structure of the organization to ensure that continual 
improvement is the driver for organizational development" (BSI, 
1999b, p. 13) 
Here again we find the wording of ISO 9004:2000 attempting to extend 
the range of ISO 9001 :2000 beyond its strictly quality management range 
into the realm of organizational effectiveness. Indeed the clauses quoted 
above reflect some of the imperatives given in chapter eight regarding 
the role of the "3-4-5" homeostat. However, and in common with ISO 
9001 :2000, there is no evidence in it, beyond lists of "issues to be 
considered" of any fundamental attempt to effect a thoroughgoing 
integration of its extended principles. 
Thus I believe that it has been demonstrated that the cybernetic model as 
presented previously is not only capable of providing for the structural 
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needs of the standards (both 9001 and 9004), but also of providing a 
more rigorous foundation for whole organizational management (which 
necessarily includes a structure for quality management). And, because 
of the inherently recursive structure, gives the significant advantage of 
being able to precisely target management responsibility at any level of 
the organization - thus reducing the degree of complexity faced by any 
given level. 
Measurement, Analysis and Improvement (8) 
The general requirements of this clause are that: 
"The organization shall define, plan and implement measurement, 
monitoring, analysis and improvement processes to ensure that the 
quality management system, processes and products and/or services 
conform to requirements." (BSI, 1999a, p. 20). 
I think that it has been sufficiently demonstrated within this chapter, and 
previous discussions, that the model suggested in chapter eight is capable 
of satisfying this requirement in principle. Not least because the 
elements this clause refers to are the very elements which form the basis 
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of the model, and that a "Viable System Diagnosis" approach, for 
example, as suggested by Flood and Jackson (see Flood and Jackson, 
1990, p. 87 ff.) would be expected to concentrate on the investigation of 
'-
their structures and interactions. 
Indeed, when one moves away from the strictly operational elelnents of a 
quality management system, that is to say from the "'processes and 
products and or services" as a point of focus and towards more 
Inanagerial considerations, i.e., "the quality managelnent systeln" itself. 
the only way to evaluate (and/or ilnprove) perfonnance is by applying 
the 'second-order' (see Shoderbek, Shoderbek and Kefalas, 1980, p. 87 
ff.) cybernetic view implicit in the discussion of the potential for 
evolutionary shift in infonnation processing sub-systems given in chapter 
eight. 
Here again the Inodel suggested adds value by suggesting both locations 
and lnechanislns for change \\'ithin the organizational structure \\'hich are 
not suppl ied in the current version of the standard. 
In the ISO 9004:2000 standard a great deal of emphasis is placed on the 
potential sources of information that may be used to feed Into the 
"measurement, analysis and improvement" process~ and on the 
exhortation that the organization be "committed to continual 
improvement [and] ... provide for the measuretnent and c\'aluation of 
product and/or service ... " CBSI, 1999b, p. 52, brackets added). And, as 
before, there is nothing that cannot, in principle, be supported by the 
model as it stands. 
Summary 
In this chapter I have attempted to demonstrate how the adaptive model, 
completed in chapter eight, is able to fulfil the general requirements of 
ISO 900 I :2000 and the principles of the guidance contained in ISO 
9004:2000 as both stood as at C02. This was achieved by taking the 
Inajor clauses of ISO 9001:2000 and the associated guidance frOlll ISO 
9004:2000 as the base structure and considering the extent to which the 
c1cments of the tnodel I have suggested were able to support thcm. 
As far as \vas possible the consideration of the standards \\ as kept at the 
k~\e1 of their "general requirelllents ". This \\as because the model I ha\ ( 
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presented is structural, identifying typologies of decision, action and 
information rather than the actual forms they should take. Operating at 
this general level has the advantage of allowing largely "unrestricted 
generalization,,16 between diverse fields of study and, therefore the 
potential for the proposal of novel models (or novel interpretations of 
existing models, e.g., the notion of 'output toxicity' as a mechanism for 
system two operation). However, and although the principle of the 
general nature of organizational models has been explicitly included as 
the basis of work in the area of 'systems research' (see, e.g., Ashby, 
1964, p. v; Beer,1979, p.67 [implicitly]; Bogdanov, 1996, p. 43; Wiener, 
1965, p. vii), such generalizations, however rich they may appear, can 
only be held to be valid on a case by case basis. 
This chapter, I believe, has successfully demonstrated this validity at the 
general level in relation to the ISO 9000:2000 quality management 
standard. As to whether this validity continues to hold when the more 
detailed requirements of individual organizations or 'industries' must be 
met is an empirical question. Although the experience of the seminal 
thinkers (above) and personal management consulting experience 
16 A lenn used by Wang (1996, p. 9) to describe a principle utilized by GOdel in his work in formal 
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suggests that, within the social constraints inherent in organizations, this 
will be the case. 
Taking this structural model into an organization in the attempt to 
construct a detailed working model that supports the management of it in 
both general commercial and quality terms. This test is undertaken 
chapters ten and eleven. 
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Chapter 10 
Managing Zubnich 
Zubnich is an independent dental practice operating on a single site in 
the south of England towards the western end of the :\'I-l corridor. At 
the time of writing the practice comprises: 
Two Dentists 
Two Dental Nurses 
One Oral Health Educator 
A Practice Manager 
One Receptionist. 
However there are plans to expand the practice to include a Dental 
Hy~ienist and another sur~ery in the near future, 
.- ~ . 
The practicl' is associated \\ith a private dental health plan cnmpany I 
and nfYl'l'S treatment (for adults) to pri\'ate patients only, \\ith patients 
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divided between those who are members of this plan and 
independent payers (i.e. those who are not). The practice does, 
however, offer NHS treatment to minors (usually relatives of existing 
private patients). 
It is anticipated that the second surgery will be located in an NHS 
health centre and will provide treatment to patients on the NHS. 
Table 1.' The Zubnich Dental Practice 
Introduction 
In this chapter I will develop a model of the Zubnich practice as a viable 
system; and begin to test the assertions made in the description of the 
interpretation of the VSM I introduced in chapter eight. This will fonn 
the basis of the data flow and control models to be introduced later. As a 
specific application of the approach suggested by the model it is to be 
expected that modifications to the ideal type will need to be made and, 
where this is necessary, comparisons with other, partial, applications will 
be made - in an attempt to discover whether they themselves are 
application specific or identify a need for modifications to the core 
model. 
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Building the Model 
1 What the System Does 
Zubnich provides dental treatment. At the most general level this service 
can be divided into two categories: 
Corrective - fixing problems that have already arisen, work which will, 
because of its nature, be undertaken by a dentist; and, 
Preventive - planned dental health care to minimize future problems, 
work such as this may be undertaken by a dentist ( as in the case of 
routine check-ups) or by an oral health educator or dental hygienist 
(for example advice relating to dental hygiene or descaling) I . 
Thus, "what the system does" is provide dental services, either corrective 
or preventive, to its identified environment - the patients. Therefore, 
taking the practice as a whole as the "system in focus", the "systems 
I Note that these examples are far from exhaustive and. in the case of prevention may not be limited to 
dental prevention. a case in point being the recognition of lesions indicative of oral cancers 
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one" are those elements of the practice that directly provide dental 
treatment and thereby generate revenues for the practice. That is to sa\' 
- , 
the dentists, oral health educator and (when one is appointed) the dental 
hygienist are the systems one of the Zubnich practice2. 
Described simply the overt role of the dental practice IS to convert 
patients (i.e., those members of the identified environment recognized as 
a "gross resource", see chapter eight) with current dental health concerns 
(whether corrective or preventive) into people without current dental 
health concerns (or with a planned program of treatment to remove 
them), i.e.: 
In this simple process (figure 1) the "Treatment Required?" element can 
represent either an evaluation and identification of subsequent treatment 
or a routine check up. And, where further treatment is necessary (i.e., the 
"Treatment Program" element), it can either be undertaken immediately 
(i.e. as part of the same visit) or scheduled for some later date (and could 
be provided by either the same or some other dental professional). 
~ Hereafter these roles \\ill be termed "clinical". 
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- Patient Treatment 
Required? 
Yes Treatment Program 
No 
End 
Figure 1: a simple process map. 
In all cases, i.e., whether an evaluation with no subsequent treatment or 
where the evaluation leads to further treatment, the effected 
transformation of patient with dental health concern to patient with 
alleviated concern is brought about primarily by the exercise of the 
clinical judgement and/or ability of the dental professionae. It is this 
location and the consequent generation of income, and the fact that, 
theoretically if not actually, it is possible for the individuals to 'rent a 
chair,4 within the practice that leads to their definition as systems one5. 
The patients have been identified as a "gross resource", as defined in 
chapter eight, because they constitute both a 'raw material' and a 
'resource. They are a raw material because the transformation effected 
3 Hence the stress on the "skills based" element of the quality of prO\ision of sc('\ices in general. and 
of professional services in particular. . 
~ That is to operate as a functional part of the prnctice whilst being. e.g .. self-employed and pa~lng a 
portion of received income to the wider business owner. a practice that is also prevalent in other 
service industries. c.g. hairdressing. . 
~ Note also that in this case individual service providers in the same role (e.g .. the t\\O dentists) are 
treated as separate systems one. This is partly to take account of the possiblli~ of andlvldual 
professional specialisms and partly a pragmatic approach given the nunlbcr of emplo~ees In a Iafl!Cf 
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by the practice is either an informational or physical transformation of 
the patient. And they are a resource and because it is the fees that they 
pay for this transformation that constitute the structural resource 
available to the practice to ensure its future survival. They are a HgroSS" 
resource because they are complex, as outlined above, thus requiring 
'refinement' into their constituent elements (i.e., raw materials are the 
bodies for treatment, and payment arrangements lay the basis for receipt 
of structural resource) and because they form part of the "that which is 
left over after the organization has created itself'. The treated patient 
that walks out of the practice takes with them their treated body and the 
consumable materials (e. g. mouth rinse, amalgam, anaesthetic, etc.) used 
in their "transformation", 
Thus we see that constructing a model of this level of the practice 
requires that the individual professionals be provided with two forms of 
raw materials, the patient (from the nominal environment) and 
consumable materials (which, prior to the discussion of operations 
Inanagement, can be seen as internally produced and, because of the 
recursive structure, access to some form of structural resource (to allow 
concern it may have been desirable to add an extra levcl of recursion to accommodatc differing types 
395 
for internal self-recreation at the individual level). This gives a 
diagrammatic representation of Zubnich as figure two. 
Structural 
Resource 
Consumables 
,---------, 
I Patients : 
I I 
.----------
1 
.1- ______ _ 
1 
1 
1 
I 
1 
1 
1 
1 
1 J _______ _ 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Dentist 1 
Dentist 2 
Dental 
Hygienist 
Treated ~--~~ Patients 
Figure 2: The basic resource/transformation model 
It should be noted that, at the level of decomposition represented in 
figure two, the patient as gross resource has been refined (as suggested 
above) into three elements: a) the person to be treated: b) the 
of treatment. e.g .. dentistry proper and hygiene and education. 
consumables purchased from fees received; and c) other monies (also 
extracted from fees received) for (or represented by) capital equipment, 
indirect labour costs, direct labour costs, etc. 
As the final element of provision Zubnich also uses the support of the 
Dental Nurses. Their role is, inter alia: 
To support the dentist during the provision of treatment; 
To prepare surgical equipment for use, clean/sterilize equipment after 
use' , 
To prepare and maintain the surgery room in a fit state for use; 
To ensure the maintenance of clinical stocks; 
To provide interim assessment of patient needs. 
These "clinical related" functions have been termed "technical" for the 
sake of clarity, in that they are clearly necessary to the provision of 
dental treatment but are not directly part of the transformation process 
undertaken. In the Zubnich practice the dental nurses 'belong' to the 
practice as a whole, i.e., although they may primarily work \vith a single 
nominated dentist they are a shared resource provided out of the practice 
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budget managed at system three. As such they would be treated as a 
"fixed cost" in the cosfl calculations described in chapter eight. 
However, it is equally possible that such support be considered part of 
the financial responsibility of individual providers (i.e., systems one) 
and, therefore part of the "direct cost" element of the cosil calculations. 
Such considerations are strictly empirical, dependent upon the actual 
arrangements in place and by no means invalidate the interpretation. 
2 Co-ordination 
Operational co-ordination at Zubnich is, perhaps unsurprisingly mainly 
carried out through the appointments procedure. That is, that ensuring 
that the appropriate skills and equipment are available to treat patients is 
tnade possible by reserving or booking them in the appointments diary. 
Thus we can see that the (majority of) the raw material (i.e. patients), and 
the structural resources necessary to their transformation (i.e., the capital 
equipment, the intellectual capital of the clinical professionals and the 
support capacity of the dental nurses) are brought together · at the right 
place, at the right time' (i.e. in the surgery for the designated 
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appointment) by way of an informational transaction implicit In the 
making and keeping of appointments6. 
The "output toxicity" model for co-ordination introduced in chapter eight 
was generalized from the notion of the management of a linear process 
(i.e., one where the outputs from a sub-system 1a fonned the input to 
sub-system 1 b etc.) and developed in a study of a firm in the agricultural 
sector (see table 2). 
Igra' et Oak are a commercial mushroom producer undertaking all 
aspects of the mushroom production process from compost creation 
to packing and shipping produce to clients. 
This comprises: 
buying in baby pigs to fatten for slaughter in a deep litter bam~ 
collecting the straw (now saturated in urine and faeces) at the end of 
the fattening cycle; 
composting the straw/excrement mix~ 
pasteurizing the compost; 
6 The availabilit,· of the remainder of the "raw materials", i.e. the clinical consumablcs used dunng 
treaunents. is. stnctly speaking a "resource allocation" issue. Howevcr. as ~nc"of the tasks of the 
dental nurse is to prepare the surgery for use. this "informational transaction also prO\ Ides the 
stimulus to the nurse to ensure their availability at the point of delivery, I.e. for the dcslgnated 
appoinunent. 
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adding paramecium spore to the compost and laying in trays~ 
allowing the spore to populate the compost~ 
setting the trays in growing sheds; 
stimulating final growth by chilling the trays; 
picking/packing/shipping. 
The goal was to be able to manage this process such that market 
demand was adequately met at all times - complicated by the 
vagueries of the natural processes involved and the relatively small 
amount of manageable variability in the individual processes 
themselves. 
Table 2: /gra 'eI Oak 
In this simpler co-ordination model it is relatively easy to set the level of 
output tolerance to the level of input required by the subsequent stage in 
the process, that is that: 
Goal state 1 a = Input need lb ... Goal state 1 n = market demand. 
And that the actual output is constrained by the level of resource 
available at all stages of the process, i.e.: 
400 
Output 1/ = j{Input 1;) 
Such that the output of the process can never be more than the input 
needed to create it. 
With the exception of a small number of treatments (5 from 62 standard 
treatments offered) the services offered by Zubnich do not rely on a 
linear process relationship between clinical professionals. In fact, the 
relative independence of the individual systems one can be seen to move 
toward the opposite extreme - they are operating almost entirely In 
parallel. 
This parallelism does not, however, invalidate either the linear model 
(which will be seen to be appropriate at the next lower level of recursion) 
or the notion of output toxicity as a basis for co-ordination. Under 
current conditions, the Zubnich practice has a structural capacity to 
support clinical professionals which exceeds the capacity to exploit it -
the practice has five treatment rooms available and only three practicing 
clinical professionals (and even with the introduction of the proposed 
extra dentist and the dental hygienist ""ill not be a constraint) - and 
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operates In a market where demand consistently outstrips supply7. 
Therefore there is little pressure on the co-ordination function beyond 
establishing some acceptable temporal delivery mix8. Thus, here the 
final constraint on operational performance is the time comm i tment of 
the clinical professionals and there is no need of a "toxicity" model to 
co-ordinate operations 9. 
However, and assuming similar market conditions, if the situation were 
to be reversed (i.e., the available slack were in the clinical time and the 
constraint being the capital resource) a "toxicity model" of sorts can be 
seen to apply. Where there are more clinical hours available than there 
are treatment room hours (or where they are exactly equal) - and after 
the primary co-ordination has been established via the appointment 
procedure, and therefore a coarse mix has been achieved - final 
7 Information provided by Zubnich suggests a chronic under-supply of dentists in the UK. which. and 
although possibly less keenly felt in the private sector. means that there is little inherent environmental 
restraint on operation. 
S "Acceptable" here means sufficient to ensure the continued existence of the practice (which IS not 
considered difficult due to market conditions). The inclusion of the word "temporal" is 1I1lponant 
because, with a range of individual treatment durations of 15 to 90 minutes. intelligent schedulmg 
could significantly affect the earning potential of clinical professionals. Howevcr. personal expenencc 
in a comparable 'appointment constrained" service environment suggest tllat there IS often a more 
subtle informal function whereby individual pro,-iders refine (subvert?) thc appointment S)'stem based 
on professional judgement and/or tile personal capacit)'/flcxibility to allow appointment schedules 10 
. slip . in order to maximize tllfOughpUt. 
9 Note here that there may be a pressure to expand the clinical a"ailabJ\lt~ to fully c\ploll the: capIL.1I 
resource available by either e:\1ending thc timc commitment of thc climcaJ professionals (I C . lon~l'r 
working hours) or expanding the clinical staff (i.e. rccnllt - the solution dcclded upon al /ubm~h). 
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completion times will assume a prime importance. This b becaU'-l' h) 
over-run a scheduled completion time \\'ill affect the start time of the 
incoming provider, thus compromising their professional reputation 
and/or their ability to provide the service expected by their patients 
Treated 
Patients 
Dentist 1 
Dentist ~ 
Oral Health 
Educator 
Dental 
HYl.'.lcllist 
..t ( )_~ 
:\ppoilllments Olaf} 
Slh':Lt! 'Colllr:klual 
Infonlk1tion 
And although professional etiquette may prevent a forced vacation of the 
room, continued occurrences may well lead to social, or even 
contractual, sanctions being applied 10. In this way also is the "fine-
tuning' of resource matching achieved, thus allowing relatively efficient. 
and stable, fulfilment of wider (higher level) operational goals. 
Thus at this level the model of Zubnich can be seen as figure three (note 
that the resource input channels have been aggregated as the heavy 
central line ). 
3 Operational Control 
The interpretation of the VSM that I introduced in chapter eight suggests 
that operational control is equivalent to the control of resources, which 
is to say that, if an individual system one contributes to the functioning 
of the wider "system in focus" it will continue to be resourced, and if it 
does not it will be starved out of existence. And it is that leads to the 
difference (in my interpretation) with Beer's idealform of the VSM (sec, 
eight. 
10 Because the activities in Zubnich nul in parnllel. and because it IS ;)\('r\'/( t' rather th.ln a 
manufacturer it is not volume output but volume resollrce conSlimptlOn that slimuiatcs the 10\1\; 
response. This example makes clear the analogical nature of the toxiCity model. 1bc tnlCnllon bctllnd 
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e.g., 1985, p. 136). The physical element of my interpretation leads to 
the necessity of a connexion between system three and the environment 
that does not exist in Beer's purely informational rnodel. The 
justification (here in concrete terms rather than the abstract, as in chapter 
eight) is that the ownership of the resource is at a whole system level _ 
the patients as "gross resource" belong to the practice, not to the 
individual clinical professionals. Therefore although there may be a 
logical case to be made for linking the systems one directly to the 
environment, the physical (and the legal) interpretation suggests 
otherwise 11 . 
The first task to be undertaken at this level is the registration of a patient 
- on receipt of the "gross resource" (i.e. the patient) is the separation 
into raw material and utilizable resource, i.e. the differentiation into 
it is to convey the idea that the limiting factor of the operation of a sub-unit within a morc comple\ 
whole is an integral part of its own operation. 
II TIus is because, in my interpretation. the system is digestive rather than affeCI1\'t' 1lac:rcforc 
altJl0Ugh the individual systems one interact (largely) autonomously tlus interaction IS \\ Ith (heir 
environment wIDch is the milieu created by the "3-2-3·" functions rather than a lank to the 
environment of the system in focus (which is one recursion higher). 
One should notc that the adyantages of the rccursive model are not lost by thiS - mcrcl~ th~lt the) IS re-
located. This fonn of connectivity also provides the basis of an answer to the question of \\ hy a \ lable 
system should 'choosc' to allow' its resources to be 'taxed' by some other entj~ It i~ bcc.1USC, a) II 
doesn't get them first: and b) bcc.1USC the depleted enYI romnent that it must e\lst III IS ,,"npla (I C , II 
has to respond to fewer stimuli) and morc predictable (\ e., It mil be susceptible (0 fc"cr. and less 
dramatic. changes). Thus the lower leycl systems 'trade-otr the need for a lughcr operational 
effiCiency for the abilit), to carry a lower infonnation.11 overhead 
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physical bodies to be treated and payment arrangements (to allow fees to 
be received). The physical bodies are entered into the appointment diary 
which perfonns the system two role by managing the ability to access the 
resources available from system three (i.e., if it isn't booked to a 
particular professional they cannot receive the associated fee - currently 
calculated as 50% of income generated subject to a contractual 
.. )12 minimum . And, once passed to a clinical professional for 
assessment/treatment subject to clinical judgement/ability to effect the 
transformation from patient with dental concern to patient with alleviated 
dental concern. This initial part of the process is generally carried out by 
the receptionist and can be represented as per figure four: 
Assign to 
Clinical 
Professional 
~, 
To Clinical 
Systcm 
Take Patient 
Details 
I 
Establish 
Payment 
A rrangemcnts 
~r 
To Managcmcnt 
S~'stCI1l 
Figure -I: I"ilial separatioll of re.wmrct!. 
I~, ,. ' • ' cd b . thc """stCln one - rook-kPMllOg bctom~ This separation IS onc of the 'vanety advantages gam ~ ".' -"'y . 
the responsibility of the highcr level. 
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The coarse filter applied in the "Assign to Clinical Professional" can be 
shown to be in the nature of assign surgical problems to dentists and 
educational/hygiene problems to oral health educators dental hygienists, 
and mirrors Beer's system three "model of the system 13~, (Beer, 1970, p. 
37). Here also it can be seen that the reception function provides both 
system three and system two activity in that it is "allocating resource" at 
some coarse level (this is because any appointment is the making 
available of resource) and co-ordinating systems one by way of 
managing bookings in the appointments diary (because a particular 
appointment at a particular time is a co-ordination) thus managing the 
uptake of raw materials). 
The second element of resource allocation is what may more traditionally 
be regarded as 'raw materials' or 'stock'. In common with other service 
providers, this element forms a relatively small percentage of the total 
13 It should be noted that the detail of the tranSformation can \'ary as a result of the Initial conL-1ct 
between 'patient as raw material' and the clinical professional. an interaction that dctenmncsthc 
'problems' presented in later appointments. and therefore also determines thcallocal1on o~ thc b.1~1' of 
the model of the sYstem. An internal rule that initial consultallons (Ie. a patients first cllmcal conL1Ct 
.' 'h I" I d' arc nC\cr taken b\ with the practice) arc always undertaken by a dentist ensures t e c lruC3 CCISlons , 
unqualified personnel- yet another manifestation of the model of the system 
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cost of provision (currently 6 % as opposed to 61 % for salaries 'fees 14). 
Replenishment and maintenance of clinical stock is the responsibility of 
the senior Dental Nurse and is carried out on the basis of maintaining a 
relatively full stock of all appropriate clinical supplies/or each treatment 
room
15 from a central store that is replenished as necessary. 
The final element of resource to be allocated is the "fixed" element, that 
is the capital expenditure on building and equipment improvement and 
maintenance, fuel and property costs and the salaries for the dental 
nurses. The denomination "fixed" has been applied here because such 
costs (largely) parallel the "overheads" category used in business and 
would normally be charged to 'productive' units as per an "apportioning 
procedure" (Drury, 1985, pp. 62 ff)16. 
14 This is based on figures for six months trading to 31 Dec 1999. These figures also reflect personal 
experience of hairdressing where, and although varying between companies. 'stock' expenditure rarely 
exceeds 10% of post-tax turnover whereas salaries are generally 550/0, giving a 'cost of sales' figure 
of 65% which is comparable to Zubnich' 67%. 
IS Because the Zubnich practice has more rooms than people at present it is possible for a direct lank 
between clinical professionals and stock utilization to be established. However,. ~use st~ arc 
replenished into the central store, individual usage is not captured. Although It IS not considered 
ncx:essary in Zubnich at present. a simple refinement (i.e. logging out stocks taken>. to 1(1enl1f~ 
indhidual usage could be implemented and would ex1end direct calculation of costs to mdl"ldual unllS 
(see also note 16, below). 
16 A similar consideration to the above (note 15) applies here - in that it IS possible to allocate fhcd 
costs directly because of the circumstances at Zubnich. However, the model mtroduced 10 chaplet' 
eight suggeSts that as the\' are a shared resource at the level of system one "apportlorung" on ;tn~ 
other basis than actual ex~nditure (and. therefore al10"ing . real' assessments of relall' 'C efficlen0) IS 
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The operational level also carries its own costs (which would, in the 
traditional model, also be apportioned to the 'productive units (i.e. 
system one) as "overheads"). In general these costs include the salaries 
of the Practice Manager, the Receptionist and the premium paid to the 
senior Dental Nurse for "stock control and maintenance" duties, and the 
general administrative consumables necessary for operation. Thus the 
operational management of the Zubnich practice can be represented 
within the cosine model (as figure five). 
····F 
0\0,. ~ r I~ A[~~----~--~.~· ~ ____ ~----~-------R 
"waste" 
pM pF pV I 
Figure 5: The cosme model. 
Thi · t t sa\ ho" e\er th.ll costs a meaningless complexification of the information system. ~ IS no 0 . • • 
incurred that necessitate single payments cannot be charged over lime. 
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Here it can be seen that: 
stock costs are represented by the interval I-R~ 
fees paid to the clinical professionals are represented by the 
projection of V on R, thus fonning the angle 0, which is 
determined by the available mix of patients and the ratio 
between the revenues this generates and costs of provision~ 
fixed costs, i.e., dental nurses salaries (excluding the 
management premium paid top the senior nurse), capital 
costs, etc.) are represented by the projection of F on Rand 
generate the additional angle (); 
management costs, i.e. the salaries of the practice Inanager, 
the receptionist, etc., are represented by the projection of AI 
onR. 
Thus the operational management of the practice has access to a "real-
time' (subject to the granularity of data capture) model of the 
.t10 
performance of the practice as a whole 1? This model has the advantage 
~ 
(see note 17) of being largely independent of the cost (particularly the 
stock and indirect cost) allocation methods used - whilst still gi\ing an 
accurate picture of the efficiency of the organization (efficiency here 
being defined as the ratio of the ability to convert external resource into 
At this level the practice is managed on the basis of a "model of self' 
(see Beer, 1970, p. 37) represented by the role definitions (e.g., Dentists 
remove teeth, Dental Nurses support Dentists, Receptionists operate the 
appointments procedure, etc.), a standard list of charges for services and 
a list of standard services, and their providers, and expected durations. 
This "model of self' provides the basis for the allocation of raw materials 
(i.e., patients to clinical professionals), the co-ordination of productive 
units (i.e., it determines the time to be allowed in the appointlnents 
diary(ies) and it sets the level of the 'refined resource' (i.e. money) 
available to the practice to support the operational level and 
P It should be noted here that the model as presented here assumes the centrnli7.auon of ~lod control. 
and therefore it is shown as a single deduction from revenuc. Howc\cr. wcre It to. be decIded to 
allocate stock to individual operational units. the absolutc values (ic. the value of r' . for example) 
would not change. Stock costs would be represented as part of the vaJk1blc costs (and. thcrcfo~ .. 
pushed do\\n one level of recursion. where they would be treated In this \\a~). :\ Slnlll.lf argwncnl 
applies to the "fixed" element. 
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Figure 6: Operalion.'i A-fallllgemelll. 
provide the shared resources necessary to their adequate functioning. 
The final closure of this level of the model is provided by what Beer has 
tenned "3*", the line that leads back to the management function from 
18 And. when laid out as a graph (as here) it h&IS the added advantage of \ ISlbl~ n:prcscnlln~ the 
relationships between clements of cost. 
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the operational units. In this interpretation this channel need only carry 
confirmation of 'work carried out', by \\hom and its actual duration 19 . 
System 4 
Costs 
. -- ~----I I-------... -----.....;! S \ ~tl?1ll 5 I 
Gross Resource 
(unprocessed patients) 
Payments 
Received 
III 
... 
Calculate 
Managelnent 
Cost Process ~ L--_p_at~~_n_t_s----.J~ ,~ 
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... Payments ~'L-...--~I--------
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One 
Allocate 
Fees 
Due 
Provide 
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To 
S vstCIllS 
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I I CO~b I 
Calculate/ 
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Discretionary 
Budect 
'-
Provide 
Raw 
Material 
Co-ordinate 
Uptake Via 
Appoi nt men t s 
Diarv 
'-----~-------
rig-ure -: A ('omp/l'Ied .. \rslem 1I11·ee. 
19 Notc that thc "algcdonic" sIgnal. which may, or I1kly not. be fonllali/.c(t \\ 111 prO\ Ide tnforTll;\tion 
rdltlllL', to thc immediate inahility to cm) out current \;Isb. brought about. for ~,al1lplc h~ the fatlur~ 
of capi'tal cquipmcnt or the ahscn~'~' of c1inicaJ support 
.t13 
This, because the simplifications achieved by the relocation of shared 
costs to the higher level removes the need for more complex infonnation, 
suffices to confirm the actual level of refined resource to be extracted 
from the gross resource (i.e. the amount the patient is to be charged). In 
the dentist this 3 * role is performed by the action of returning the 
(appropriately amended) patient records to the Receptionist following 
treatment20 . 
This closure allows the administration of fees collection and oInvard 
allocation, the allocation of shared resource, materials and local 
managelnent costs. 
The additional infonnation regarding "actual duration" of treatlnents 
provided allows for the assessment of the ~'model of self", in that 
sustained deviations from the "standard list" can be identified and used 
for redefinition of the tilnes allowed in the appointInents diary( ies)~ 1. or 
for the instigation of . developlnent' events such as routine and lor 
additional training. Such events being funded froln the re~idual re~C)llrCC 
~o With the addition of the "ac!u;!l duration" information which is not currentl~ captured at ZubJllch 
J1J 
identified in the model in chapter eight as being equivalent to cosd. In 
this way the operational element of the practice is able to demonstrate 
adaptive behaviour both within its operational competence and a pre-
determined, though dynamic, budget. However, the calculation of this 
"budget" requires that system three (as represented by the practice 
manager) must also be aware of the operating costs of systems four and 
five. And so, the "management costs" in figure six must also be fed this 
information, thus a completed system three must contain the elements 
and information flows shown in figure seven. 
4 Higher Management 
The "higher management" at Zubnich is not as clearly differentiated as 
may be suggested by the abstract model in chapter eight, however it is 
possible to identify two foci of activity: 
Operational - defined (largely) as the "patients" that 
present themselves for treatment22 . Thus the system four 
role here is the analysis of regularities based on trends in, or 
~l Note that, at system three level, it is only the durations that are modified. Any alteration in the price 
charged for the treatment is an environmental consideration and must therefore be undertaken in 
collaboration with the other elements of the "3-4-5" homeostat. 
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patterns of, attendance mixes and patient satisfaction (i.e. 
some measure of the subjective experience of individuals or 
groups of patients) - a decline in the number of 
extractions, for example, could indicate the efficacy of 
preventive treatment or dissatisfaction with the treatment as 
it is offered. 
Aspirational - defined as the wider environment into 
which the practice could enter, whether this is (inter alia) 
commercial (e.g., the move to NHS provision), 
technological (e.g., the adoption of new methods of 
treatment) or geographical. The system four role here is the 
identification of opportunities for (or threats to) the greater 
success of the practice as a whole23 f 
This separation of the foci of activity also differentiates the location of 
the dominant partner in the discourse with system four. The operational 
discourse is primarily with system three (which is to say that response to 
22 Although also eligible for inclusion in this are variations of currently used clinical materials, 
changes in regulations relating to building maintenance, upgrades for clinical, administrative and/or IT 
equipment, etc. 
23 One should note here the difference between the biological and the social in that the dental practice 
is able to reflect on the environment it wants to he in and therefore rationalize the changes it needs to 
make whereas the biological system (assuming Kimura) changes randomly and is therefore thrust into 
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I, 
pressures from current raw materials is the realm of operations 
management) within the identity constraint imposed by system five; 
whilst the aspirational discourse is primarily with system five (which is 
to say that re-defining the relationship between self and environment is 
the realm of the definition of organizational identity) within the 
constraint of available resources implicit in the whole system resource 
allocating role of system three. 
As a simple example of the relationship of the two foci one can 
consider the case of "continuing professional development" (CPD)24. 
Because of the requirement for CPD its provision can be seen to be a 
routine event in the operation of the practice (that is to say that it is 
included in the ethos established by the identity of the practice). 
Therefore, in the absence of other pressures, the information obtained 
as a result of the operational focus of system four would provide the 
basis of the selection of the CPD course to be attended - this because 
it will allow the practice to ensure that it has the ability/skills 
necessary to meet current trends. 
a redefined relationship with the envirorunent. Both cases, however. posit a new relationship between 
the "self' of tlle system and the envirorunent. 
~4 CPO is a membership requirement of many professional bodies where. to qualify for continuing 
eligibility. members must undertake prescribed periods of study relating to their field on a regular 
basis (usually defined in terms of hours per year). the intention being to ensure currency of knowledge. 
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, However, 'the deCision to' i~trod~ce a new t~chnology (e.g., ultrasonic 
tooth reduction,: w?ich would a~so require training that would also 
" 
qualify as part of the CPD requirement) would' constitute an 
aspirational focus, that is it would redefine the relationship of the 
practice to its environment by ~hanging the services it offered. But, it 
must be noted~ this technology can only be introduced if the resource 
necessary (Le. the money to pay for it) is available, which is a system 
three constraint. 
Thus the relationships between systems three, four and five are 
represented in figure eight. 
TolFrom 
Environment 
Aspirational 
constrained by available 
resource 
Operational 
constrained by ethos 
from 5 
Figure 8: System Four in context. 
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5 Identity 
The ethos for the practice or, its "identity" is provided by the practice 
owner, Zubnich. His decision to position the practice in the high middle 
market, i.e. "significantly above the standards available from NHS 
providers but below those of Harley Street,,25 effectively determines all 
other operational matters in the practice. 
In addition to the operational matters contained in the model of self 
represented by the list of standard times and treatments this has a 
significant effect on the functioning of system four. In its aspirational 
role, significant amounts of time and money are expended in the 
identification and acquisition of the latest equipment and thinking 
relating to dental treatment, thus driving an extensive developmental 
CPD expenditure. Whilst in its operational, role the explicit positioning 
of the practice creates the need to ensure that the 'client expectation' this 
creates is satisfied. This drives in its tum the need to ensure that both 
~5 Note here that the "standards" relate to the time allowed for treaunentslconsultations and the 
quantities and quality of materials and technology available rather than necessarily the abilities of the 
clinicians employed. 
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routine CPD (for the maintenance of current service standards) and \\ ider 
practice maintenance are available and effective26 . 
These considerations, I think, make it clear that the ability to detennine 
identity adds an element to the management of luuTIan organizations -
that of choice - therefore justifying the use of the tenn ·'aspirational". 
Although this element is not present in biological systellls, the effect it 
has in general is that the "variety sponge" (see Beer, 1985, p. 1 ~5) 
function of system five is brought into play in order to evaluate the 
actions of the system as a whole against the effect they have on the 
relationship of the system with its environment. And that this evaluation 
is necessary in all systelTIS where the relationship is dynamic, \vhether 
caused by an (apparently) independently moving environment, human 
choice, or the randoln lTIutation of genetic lnaterials. 
Summary 
This chapter explored the extent to \vhich a 'real' organization could be 
represented using the tnodel introduced in chapter eight. The Zubnich 
~6 \\·hich. I would ar~lIc. is tile basic justification of the need fOf. and potential vaillc l1L ,,(1I11C fl1rIll of 
qualIty managemcnt. 
4~O 
Dental Practice was chosen as the case-study for this for 1\\"0 Inaln 
reasons: 
1 It was a professional serVIce provider, and therefore 
allowed for exploration of the practical issues surrounding 
quality assurance in service industries (the subject of the 
next chapter); 
2 Its size Inade investigation of the organization silnpler, 
allowing direct access to both senior and junior Inelnbers 
Inore easily than would be possible in a larger business. 
This exploration can be said to haye been successful to the extent that it 
has been possible, within the constraints of the abstract model, to define 
a physicallinfonnational Inodel capable of supporting the operation of 
the practice both in tenns of identifying perfonnance efficiency issues 
and in tenns of environmental fit. HO\\'eyer it becalne apparent that in 
practice, the functional definition or asseSSlnent of . environlnental fit' 
had t\\"o sub-elelllcnts, i.e. "operational" and '''aspirational'' \\"hich \\ ere 
not il11111ediately apparent in the biologically oricntcd abstract ITlodel 
4~1 
This led to an iterative consideration of environmental scanning in the 
theoretical development of the model (in chapter eight), where it was 
concluded that it was in the "operational environment that the final 
closure of quality management existed. 
This, in turn, allows for a more focussed consideration of a particularly 
troublesome element of the ISO 9000 standards - insofar as it identifies 
the difficulties therein as being the result of a lack of recognition or 
discrimination between these two environments and the implications of 
this for quality Inanagement and ongoing performance relevance 
management. A fact that would account for the confusion surrounding 
the references to "continuous improvement" made in chapter nine. 
There is one significant simplification available to this chapter but not in 
the abstract representation in chapter eight - that of human intelligence 
and decision making ability. Here it has been possible to assume the 
value set to be used as the basis of the evaluation of organizational 
performance as a given, supplied by Zubnich or the members of his staff. 
Whereas in the abstract model it was necessary to demonstrate the 
potential for the existence of mechanisms for their generation. This, of 
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course, leads headlong into the criticisms of the cybernetic approach 
considered in the introduction and conclusion to this thesis and. as there. 
I can only state that I believe that the existence of human teleolo~: 111 no 
way invalidates the application of cybernetic insights or theories. 
In the next chapter I will describe the approach taken in designing and 
implementing a quality management support svstenl based on the 
principles of this, and previous, chapters. 
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Chapter 11 
Quality Managing 
Zubnich 
Introduction 
In this chapter I will develop the proposed design for a quality 
Inanagelnent systeln (QMS) at the Zubnich dental practice based on the 
outcolnes of the previous chapters. This system, \\hich is now in use at 
Zubnich, has been implemented in "Microsoft Access" and the 
original' elements comprise proprietary and/or copyright materials 
for which all rights are resenred. 
The dc\c10pITlCnt of the Qf\lS proceeds in fi\c parts: 
.1""J 
a) issues surrounding professional service quality; 
b) the reduction of the complexity of managing professional 
service events; 
c) assuring professional service quality; 
d) measures of service support quality; and, 
e) data structures for controlling the above. 
Of necessity this will mean re-visiting the principles introduced in earlier 
chapters. However this time the emphasis will be on the construction of 
a coherent, operationalizable management tool. And that the role of this 
tool will be the provision of infonnation to the practice manager and 
owner that enhances their decision making in relation to the ongoing 
satisfaction of patient needs and the better clinical "fit" of the practice 
and its (technical and human) resources to current market demand. 
I All other copyrights and/or intellectual property rights including. but not lirmted to. those of the 
Professional Service Quality 
The discussion of professional service quality presented in chapter two 
laid most of the ground for this part of the project. However in this 
section the intention is to revisit the argument from the standpoint of the 
cybernetics proposed in chapter eight. There it was suggested that 
"quality" was a function of "operational" activity, and that this activity 
took place in the (perceived by the system as being) relatively stable 
"operational environment". 
For the systems one of the dental practice (i.e. the clinical professionals) 
this operational environment is constituted by the resources provided by 
the practice as a whole (i.e. capital equipment, clinical raw materials, 
clinical, support and fees) and the patients (i.e. the non-clinical raw 
material). And, in a production oriented environment the model in 
chapter eight would predict that this relatively stable operational 
environment would be reflected in the existence of a similarly stable 
functional identity of the system as a whole. That is, one that would only 
be subject to a (radical) change of identity were the aspirational 
Microsoft Corporation are acknowledged. 
environment of the system move away from its current focus2. Thus 
"quality", and the improvement thereof, is achieved by stability of input 
and stability of process operation. 
Whilst this stability of environment can be assumed to exist for the 
practice provided elements, the inclusion of the patient can be seen as 
destabilizing to the extent that a patient's subjective reaction cannot be 
wholly predictable. This leads to the conclusion that, in terms of direct3 
clinical interaction, the definition of the operational environment is a 
negotiation between the clinical professional and the patient. Leading to 
the further conclusion that, because this negotiation of identity must 
occur in the aspirational environment of the systems one, their functional 
identity must be re-negotiated for each and every service event. And 
that procedure charting (i.e., the exhaustive definition of the procedural 
aspects of service events prior to their delivery) beyond the most general 
statements is a meaningless exercise for the control of service quality. 
2 Tlus. of course, is because of the attractor effect of the operational environment. Note thai this 
assumed stability is also reflected in the 'procedure chart' approach to quality management inherent in 
the wording of the standards. . . 
J I.e .. that part of the interaction that satisfies the aim of the treatment and therefore the cnlena for 
judging the quality. 
.1')7 
The implication of this for data capture at Zubnich is that there must be a 
facility for the acquisition of patient feedback regarding their perceptions 
of the service received. 
A second (non-clinical) element of perceived service quality experienced 
at Zubnich (and presumably common to all providers operating an 
appointments based service) is that of time-keeping. This is a more 
complex issue than it at first appears (as will be discussed later), however 
within the Zubnich practice collection of data relating to the late 
commencement of appointments is simply captured internally and can be 
used to generate statistical reports. 
Managing Professional Services 
The practical effect of this "on-the-fly" re-definition of the identity of the 
process is to render any exhaustive or definitive description of the 
activities necessary to its proper operation extremely complicated. As 
can be seen from the example of the description of the "pre-treatment" 
assessment undertaken as part the replacement of a simple tooth filling 
provided by Zubnich and given as appendix two. 
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----
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Figure i: Defining a p ifi Tr aIm III 
What is clear from this example (and froln personal experienc in th r 
sectors) is that examplar descriptions of practice are impracticabl in a 
tilne constrained environment. Even at the level of detail gIven in th 
exalnple it is clear that there exists another level of con ideration that 
assumes the clinical cOlnpetence necessary to carry out the individual 
procedures described. Thus at Zubnich, in common with other d nti t 
(and other professional service providers, e.g. actuaries, phy ician t . 
where the ' service' is either delivered by, or it deli tl1 
responsibility of, a single professional) the pro ider i t h 
internalized the exemplary model before hand - in h rt h r h 
pected to have learned h w to carr ut th pr dur . 
Th ituati n in fi ur n 1 In t ill1pli i ti n th III 
pr nt d b Dud) and B k~ rd 1 a pt d 1 I1t xtu Ii 
figure 2) which makes the application of profe ional kn \Vl 
explicit and, further, shows how the body of knowledg it rati\' Iy 
applied to the results of previous decisions and/or action tour th t 
desired outcomes are approximated. 
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H r it an b o that th appar ot1 lin ar h tn \' nt \\hi h 
n tl tut th h n tr tnl nt 1. t k ntllHI Ih 
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monitored and modified in reference to the outcomes of the action being 
undertaken and the body of knowledge that infonned the selection of the 
treatment (as would be predicted by the model developed in the earlier 
chapters and Beer's (1985, p. 124-126) "ethos". 
Thus the "body of knowledge" is the main detennining factor in the 
detailed definition of the treatment to be undertaken. The problem that 
this presents to the management of the quality of the service is that, 
because of the interactive nature of this process (i.e. the "negotiation" 
between the clinical professional and the patient), there can be no 
exemplar against which to judge this quality. It is the clinical judgement 
of the professional dentist (or other provider) exercised as a result of 
demonstrable competence in the application of the body of knowledge 
which detennines the treatment - and, beyond the direct subjective 
experience of the patient, also detennines the measures and indicators of 
the quality thereof. 
This can be made apparent in the operation of the "client feedback" 
facility identified in the previous section. 
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Assume a client 'complaint' of undue pam following a surgical 
procedure. 
Such an event is first pre-filtered to exclude the possibility of 'settling 
down' problems4 (note that definition of the settling down period and 
what constitutes "undue" pain is an exercise of professional judgement). 
If this frrst filter is passed the next step is a re-examination of the work 
undertaken and the condition of the affected tissues (by either the same 
or another dentist using their professional judgement within the same 
body of knowledge), followed by a decision regarding further and/or 
corrective treatment (using the same body of knowledge) 
If the matter is not resolved at this stage and is regarded as being 
especially grave, the matter may be referred to the General Dental 
CouncilS where the treatment originally undertaken will be reviewed to 
determine whether the dentist was reasonable in his or her actions or 
whether there are grounds for action on the basis of negligence or 
.. Surgical procedures often tend to remain painful for a number of days following the treatment and.: 
therefore. the ex-perience of pain is considered 'nonnal' if it is within the expected "setthng down 
period. 
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incompetence. Here one should note that the review body will also be 
applying the same body of knowledge. 
Thus the measure of the quality of the sefVlce provided is the 
demonstrable ability to apply the body of knowledge. And, because of 
that, the only effective method for approximating quality provision in 
such a field is to ensure that the people responsible for provision are 
appropriately qualified or skilled for the task6. 
The word "approximate" in relation to quality provision in the previous 
sentence is used intentionally because the nature of the achievement in 
this context is one of assurance rather than control. This type of service 
provider does not have the facility of pre-delivery inspection, indeed the 
service provided is an emergent property of its delivery. The control 
element of such provision can only ever be historical "complaint 
management" - hence the necessity of the client feedback function at 
the level of the operational environment of the practice as a whole. 
S The dentistry equivalent of the General Medical Council. which has the po":er of c~~surc and. In the 
extreme. the power to strike the offending dentist of the Register. thus prevenung IC~Jllln~IC practJcc 
6 Which is. of course. precisely what is done. TIle legal ability to practice dentistry. an the UK IS 
dependent upon registration \\ith the General Dental Council (see General Dental Council. 1997). 
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The immediate nature of the provision and the fact that it (and therefore 
its measures of success, which include legitimacy7) is defined on a case 
by case basis supports the conclusion that the service received by any, 
and all, individual patients (in the absence of malice) can only be in any 
way affected in advance of delivery by affecting the ability of the 
deliverer to perform it - its, to use the word broadly "skill-based". The 
formal control of the service, being necessarily historical, is by "trial and 
error" representing a progressive approximation of the environmental 
demands placed on the practice (whether customer service or legalistic) 
as would be inferred form Ashby's (1960, pp. 82 ff.) consideration of the 
ultrastable system. 
What this means for Zubnich is that there are three core elements to the 
management of the perceived quality of the service provided: 
the performance of the core semce (i.e. the dental 
treatment), which is based on the skills and knowledge of 
the clinical professional; 
7 Note the case of Dr Shipman - the G.P. comoicted of fifteen murders thr~ugh the misapplical10n of 
the body of medical knowledge, and the furore surrounding how it was poSSible that these C\"cnts \'ent 
uninve~tigated - and the potential dangers of an ineffective environmental control become morc 
evident. 
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the historical legitimacy of the treatments provided, initiated 
by client feedback but defined by peer review either at the 
level of the practice or the professional body (with legal 
sanction); and, 
the surrounding 'administrative issues' which, at the level of 
the core service, are mainly related to punctuality. 
Thus the questions an effective quality management system must answer 
for Zubnich are: 
Are we appropriately qualified (i.e. skilled)? 
Is our application of these skills legitimate? 
Are we applying them when we say we will? 
Assuring Service Quality 
Within the context of the previous discussion th lIr 17 ? th 
quality of the core service at Zubnich is based on th plann d r \ 1'\ \ n 
and availability of the skills necessary. However (e n t IX th 
permission to practice as a dentist in the UK is regulated b la\ . 
However this legal regulation in no way invalidate th r 111aind r f thi 
section once it is realized that the possession of the qualific ti n i .. th 
award of the BDS) also implies the possession of th kill b th ph i I 
and intellectual) necessary to the award. Henc th u f t h 
qualification certifies SOlne (defined) minilTIutn I v f c mp t n 
wi thin the body of knowledge. 
Operate Recruit Audit 
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This planned provision of skills can be set within the context of the 
practice as per figure three. 
Figure three is a simplification of the top loop of the diagram given as 
"figure one" in chapter two; and it has the same implicit closure, between 
"operate business" and "define businesss", provided of course by the 
environment. This diagram (excluding "operate" and "appraise"') also 
represents a "3-4-5" homeostat insofar as: 
the feedback from the environment gIves infonnation 
relating to the relevance and/or legitimacy of the service 
provided (and, therefore the skills used), a system four role~ 
the "define business" function is the system five decision of 
systemic identity and therefore the effective definition of the 
"operational environment"; 
the "definition of business activities" and the separation of 
these activities into "skills" based and ""procedural" 
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elements is a result of the operation of the "3 -4-5" 
homeostat as a whole detennining the internal structure of 
the system; and, 
the "recruit/train" element IS a system three resource 
allocation function. 
Outside the "3-4-5" homeostat, "operate business" is system one (and to 
some extent this implies system two) and the "appraise" element 
represents the three star channel relating to the adaptive provision of 
skills (with the arrow back to "train" implying an adaptive response). 
Performance and Non-Core Activity Control 
In the same manner as for the core activity quality assurance (and again 
with the environment providing the closure) it is possible to include, this 
time on the bottom loop of the diagram, a representation of the approach 
that allows for the adaptive (re )design of the non-core activities 
undertaken in the practice (see figure four). In the case of the application 
8 Operate business" is the point at which the organization deli\ers its output to the cnnron~lCnt and 
"define business" the point at which tlle "aspirationaJ em'irorullcn(' becomes the "opcratlon.1r 
438 
at Zubnich this element is constituted by all r I vant ut n n- I ini I 
activity . 
Skill 
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Define Define 
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Perfonnance ..... --1 
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P r~ nnan 
F i Ir -I: Th . Pr dill' 11 " L 1 
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divided into a number of categori for admini trati r n . n 
these was nOlninated technical to identify that up ti i ti t h 
r lated to the imlnediate upp rt f th 1 r ul r 
p ciali t kn wId r kill but w r nt ' " I r tl1 
f th d ntal nur Th d n m 111 ti n \\ Ii t 
ti\ iti fr rn tl1 " Iini r' n 111111 ti n til t \\ 
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reserved for the core activities and which required a specific professional 
qualification in order to practice. 
For the purposes of this section of the argument these non-clinical 
activities have been separated out, and are discussed under the 'catch-all' 
term "procedural", because they are susceptible to being described (and 
having their performance or quality indicator levels detennined) in 
advance of their delivery or enactment. This predictability is because, 
unlike the core service (where the function of the assurance model is to 
increase the potential variety of output to match the potential variety of 
demand), the intention here is to standardize the outputs or results of the 
activities - that is, to make the outcomes the same every time and to 
match some pre-determined criteria. 
The market positioning of Zubnich (i.e. the definition of the business) determines a 
need for the introduction of new dental technologies which reflect an operative 
capability (and therefore image) which reflects this. Therefore it can be accepted. as I 
I 
part of the business planning process, that a decision is taken to introduce this new i 
form of tooth reduction. This in its tum forces a revision of the "process" of. for I 
! 
example, filling a tooth from: 
Anaesthetize ~I~ ___ D_r_il_l __ ~----~·I 
L-_____ ..J 
ill 
to 
~ __ R_e_d_u_c_e __ ~----~·~I~ ____ F_i_ll ____ ~ 
The ski lls element of the process mu t now at 0 chang t r fl t th U th n \\' 
technology and will follow the path hown in the pr IOU ti n in Iudin 
sourcing of the information and/or training cour e need d and th d 
who and in what order, will attend) . And ill al 0 t nd t influ n 
recruitment decisions in favour of applicant Ipotential partn r hair d p 
the required ski li s. 
The introduction of the new technolog ill al 0 impa t up n \ h t 1 h II 
t chnical acti ities (i .e. tho e that upport the pro i i n f th 
clin ical activities) and require their own et of kill . hi b In 
pr paration of the equipment (i .e. the ten] izin r oim , pr -u 
b different for the new equipment . One hould n t h r th t th m ur r th 
f the techni al a ti it 1 an bj ti m ur \\ hi hm 
r ma n t m it i n UI 111 nt t ril th 
I \ r I 1 qu ti n H th m nu t tur r 
, 
11 1\ \\ n h~ 
'e'quipment fuilctionirig' correctly?"'" " And~' if ,the answer 'to both these .'questions is 
"Yes", then the answer to the first, higher level, question is also "Yes", 
This example should also ma~e clear. the difference between the two elements of the 
~~proach, and the necessity of their integration. 
.. 
The quality oftbe ~'skills .. based" element is assessed as the result of the application of 
a judgement, based either upon the application of a body of knowledge or some 
personal experience. And because of the negotiated nature of the events to be 
assessed can only b~ assured in advance~ , 
The, q~~~ity of the "technical" el~ment is assessed as the re~u1t of the application of 
an objective observation of fact or measurement the criteria for the acceptability of 
which can be stated in advance. Because of this the conditions necessary for their 
successful execution can be controlled. 
Integration at t~e ~anagement level is p.ecessary to ensure the' exi,stence of a coherent 
model of self in the light of 'adaptive .. change in the organization, and, therefore a 
.. . . 
(possibly'statistically) effective model of ov~rall control. ,F<?r ~xampI(~, the~e is little 
." ... I ",... , • • • • I " .:.' 
,.: " 
perceived quality in at~ending a hig~Iy ,skilled' den~ist who i,nfects you' with HIV 
, • ': ..', • It '" ," ", I 
because 'of improp'er sterilization': of equ,ipment~: ~o~ is 'ther'e tn atte~~i~g."one where 
the equip~ent is sterile but,' who caus,es undue damage to yo~r tee~h o~ pain A~e to 
improper use of the equipment. ' ,': : 
, , 
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A QMInformationS for Zubnich 
The database structure described in this section has been implemented 
for the Zubnich practice. However, it must be remembered that the 
database itself is only a small part of the wider information system used 
to support the successful operation of the practice. At Zubnich this 
information system contains both formal and informal elements and 
employs both manual and automated technologies. 
The terms of reference for the design and implementation of the database 
model were for a "stand-alone" tool capable of integration with other IT 
applications in use at the dentist and capable of supporting the 
management of the service quality of the practice. These terms were 
agreed because, at the time of commencement: 
the practice had a mIX of manual and technology based 
systems for carrying out the administrative functions of the 
practice - thus issues of redundancy of effort and 
communications protocols arose - therefore the final 
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design should include explicit reference to points of o\erlap 
but remain a discrete entity; 
the practice was negotiating with a specialist soft\yare 
supplier for the design and implementation of an integrated 
diary, patient record and financial lnanagelnent package -
this would cover some of the necessary functionality of the 
wider model possible as outlined earlier and, it \vas assulned 
(correctly as it was later proved) that such an 
implementation (as was proposed by the software supplier) 
would be initially unstable and its connexion to any other 
external software therefore to lead to technical and/or 
contractual COIn p li cati ons. 
Establishing the Skills Base 
The first task in the construction of the lnodel \vas the establishlnent of a 
structure for containing the elelnents of the "skills-base". This, as is 
shown in figure five. \\'as hierarchical, starting \vith the Inost general 
"Run Practice" and ending \vith 'detailed~ descriptions of the eklnenh of 
the .. tasks", i, e .. running the practice requires the "Clinical", '''T echnical, 
"Managerial", "Administrative" and "Customer Service activitie the 
constitute the "Categories". Within these categories there are Ta k ~ . t 
be undertaken, and these tasks will each ha e an associated et f 
procedural elements or "Processes" and "Skills" that will need to b 
brought to bear in their execution. Individual processes (at whatev r 
level they are represented, i.e. from the generic statement of the clinical 
tasks to the highly specific of the technical) will each have a "procedw-e 
chart" or (either graphical or verbal as is lnost appropriate) description of 
the elements of the task to be undertaken which includes (as appropriate) 
the control points and perfonnance lneasures applied. Skills, on the 
other hand, will have "levels" of achievelnent or competence 
accolnpanied by a description of behaviours exemplifying that level of 
cOlnpetence. 
I Run Practice 
Categories 
Tasks 
Procedures kill 
De cripti n I ~ L-____ ---' 
Fi /If" - : A Hi ,. ,. hi al Ii'll IlIr PI' .//\ 1/1 • 
5 
Each of the boxes in figure five (with the exception of "run practice") 
represents a table in a relational model \\'ith each of the do\vn\\ard 
arrows representing a "one-to-many" relationship (i.e. one task Inay havc 
many skills and/or procedures~ with the exception of "procedures" to 
"descriptions" which is, by necessity "one-to-one~'). 
The completion of this eleITIent of the database provides the facility to 
identify those skills (and the level of cOInpetence for each) that the 
practice utilizes in nonnal operation. Thus providing the basis for a 
"skills based" quality assurance Inodel. 
Roles and locum bents 
Within the practice, in COInITIOn \vith other businesses, there are a 
nllITIber of discrete "roles" each with a Inore or less tightly defined area 
of responsibility. Within the relational model begun in the prc\'iolls 
scction "roles" are defined as being cOInprised of tasks, i.c. those 
activities that ITIllSt be carried out to fulfil the responsibilities of the rok. 
Ho\vc\'cr tasks 111av be COInInon to more than one role, and so thcre is a , -
"many-to-many" relationship between "roles" and "tasks,,9 (see figure 
six). This has the advantage of ameliorating the potential redundancy in 
the "tasks" and "categories" relationshiplO and of identifying the 
potentially multi-category nature of certain roles. 
"Roles", in their turn, are filled by people. And, as each role may have 
many occupants and each person may have many roles, this also requires 
an effective "many-to-many" relationship. In practice this relationship is 
again achieved using an intermediate table "incumbents" which operates 
on a complex primary key ( as above). 
People have skills. Or they have qualifications which, as discussed 
above, is effectively the same thing except that the skills possessed are 
certificated at a higher level of aggregation. And the inclusion of 
"skilled" people closes the logical loop (see figure six). 
9 In practice this is achieved by creating an intennediate table operating with a "complex" primary key 
rather than as a direct relationship between the tables. 
10 Note that this is consequence of the "one-to-many" realtionship. Each task may belong to one. and 
only one. category. thus requiring discrete category/role naming conventions. The need for this was 
located in this relationship because it was thought to be (numerically) less of a problem here than 
elsewhere. 
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Static Quality Assurance 
With these final elements completed, i.e. \\'ith the data for the practice 
entered, it is possible to demonstrate: 
for all tasks - the skills (and le\'e Is of cOlnpetence therein) 
necessary for their satisfactory or adequate perfonnance; 
for all people - the skills (and levels of cOlnpetence 
therein) possessed: 
That the people in any gl\'en role possess the skill set 
necessary to its perfonnance. 
At this level of developlnent it is possible for the practice to detnonstrate 
"in principle" or potential cOlnpliance \\'ith the quality criterion that all 
tasks are to be tmdertaken by appropriately qualified persons as a result 
of the Boolean search: 
{Skills Needed}n: Skills Possessed: :j:. : 0: 
1 Run Practice 1--, Incumbents "~-4!I Peopl 
~ .. 'tr I Categories 'I. Roles Qualificati 11 
.. . ...... . .. :- ":::::." . .. . 
Tasks 
'tr . l' 
Procedures Skill 
" 
Descriptions Levels 
Figure 6: Linking "Skills Needed" and " kill Po d ' 
Where "Skills Needed" are those identified as necessary along the left 
hand side of figure six and "Skills Possessed' those identified a 
possessed by individual staff Inembers along the right. Such a search can 
be undertaken at the level of the practice, i.e., by applying the search to 
the "people=>skills" and the tasks=>skills tables in isolation the reb 
determining whether the practice as a whole has the skill nece ary t 
function; or in tenns of role suitability by nlnning the query a : 
{Role-Skills Needed}n{Incumbent-Skill Po e ed 1= 0 . 
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Because of the legal constraints on the proyision of the core SerY1Cc~ 
(i.e., only a qualified and registered dentist can offer dental treatlnent) it 
can be assumed that the practice possesses the baseline "skills-base" 
necessary to competent operation. This baseline provides the 
foundational "model of self' for the operation of the practice and (for 
reasons of practical expediency) is linked together by "Role" for the 
"Clinical" tasks 11. 
Thus the detailed demonstration of cOlnpliance to the quality criterion is 
facilitated by demonstrating, for each service event that the "Task(s)" has 
been carried out by an "Incumbent" of the appropriate "Role". This 
requires as a lninimuln, for the clinical "events", that the\' have role 
nalnes and "legitilnate deliverer" information. 
In practice the "Events" record draws on a nUlnber of related tables to 
uniquely identify each service event by capturing: 
Patient Nalne: 
\Yhich element of which treatment was pro\'ided; 
11 The le~al requir~lIl~nt and the assumed subsumption of skills below qualtfications (,,~~ fi~ure '1\) 
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Who provided this treatment; 
The date of the appointment; 
The due start time of the appointment 
The actual start time of the appointment; 
The duration of the appointment; 
The delivery site. 
The two emboldened items provide the infonnation necessary to this part 
of the discussion. 
The infonnation for the first iteln is drawn froln the tables "TreatInent 
Cost" and "People". 
'"TreatInent Cost" contains the fields: 
Treatment Name; 
Visit Number; 
By Role' 
- , 
Duration. 
make this a practical solution for the "Clinicar' tasks TIle (legally) uncoll..;trall1cd "pr<x:cdIlL!I" 
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The table contains a complex "primary key" comprised of "Treatment 
Name" and "Visit Number" to uniquely identify the elements of any 
given clinical service. And is related, by "Treatment Name" to another 
table "Treatment Price" containing fee charging information relating to 
the treatment as a whole. This structure reflects the model of provision 
contained in the appendix, and is able to support the fact that some 
treatments require more than one visit (each with different durations) 
and! or the services of more than one clinical role, but that the fee for the 
service is an inclusive charge. 
In the case of the treatment NP2 (Complex Consultation), 
for example, the patient is required to make two visits 
(which mayor may not both be on the same day). 
Visit 1 with the Dentist 
minutes 
Visit 2 with the Oral Health Educator -
minutes 
duration 15 
duration 15 
However the patient is charged 40-00 for the whole service. 
"People" is a simple staff list containing the fields: 
elements will utilize a more detailed statement of skills needs. 
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Forenamel 
Forename2 
Surname 
Staff Number 
"Staff Number" is a unique numerical identifier, and forms the basis for 
the interface between this database system and the other tools in use at 
the practice. 
Data entry for the quality assurance of each service event is entered 
directly via: 
A drop down list for the treatment name; 
Manual entry of the visit number; 
A drop down list of staff members 12. 
Once this information is available it is possible to demonstrate detailed 
compliance to the quality criterion by searching using the criteria: 
FOR "Task Name" = X AND "~Visit Number" = r 
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FIND "By Role" 
(from "Treatment Cost) 
FOR "Staff Name" = X 
FIND "Role" 
(from "Incumbent") 
This can then be used to generate an exhaustive report for manual 
investigation. More praticably it could be used to generate an exception 
report detailing only non-compliance, i.e., 
FOR "Task Name" = X AND "Visit Number" = Y 
FIND "By Role" 
(from "Treatment Cost) 
FOR "Staff Name" 
FIND "Role" 
(from "Incumbent") 
WHERE "By Role" < > "Role" 
I:! Drop down lists are used to ensure consisten~:y ~f input. ~'isit numbers arc input manually because 
potential variation between treaUnents makes a list mappropnate. 
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In this manner it is possible to demonstrate that the quality of the 
treatments provided has been assured - on the assumption that 
possessing the skills to carry out a task will lead to it being carried out to 
the required standard - within a static set of circumstances. 
Static Performance Control 
In the previous section I discussed the way in which the quality of the 
core-service at Zubnich was assured using the "feed forward" oriented 
"skills-base". In this section I shall tum to those elements of quality 
provision that utilize objective measures, "duration", defined in the 
model of self represented by the "Treatment Cost" table, and "lateness" 
identified earlier as an indicator of the perception of quality. 
Both of these elements are captured on the "Events" form (along with the 
assurance information) and stored (as either "numeric" or "time" fields) 
directly in a table named "Events". 
"Lateness" is a derived value calculated from the manual input of "Due 
Start Time" and "Actual Start Time" and duration is manually input as 
the number of minutes taken to perform the service. 
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Thus it is possible to calculate for punctuality: 
The number of late starts as: 
WHERE "Actual Start" > "Due Start" 
COUNT "Actual Start" 
The percentage of late starts as: 
COUNT "Actual Start" AS X 
WHERE "Actual Start" > "Due Start" 
COUNT --Actual Start" AS Y 
Y XtlOO 
The average delay as: 
WHERE "Actual Start" > --Due Start" 
COUNT "Actual Start" AS .\ 
SUM ":\ct llal Star'" - '"Due Starf' :\S r 
.r }' 
And for any given treatment: 
Durations as: 
WHERE "Treatment Name" = X AND "Visit Number" = Y 
Average Durations as: 
WHERE "Treatment Name" = X AND "Visit Number" = Y 
COUNT "Duration" AS N 
SUM "Duration" AS P 
PIN 
Duration overruns as: 
WHERE "Treatment Name" = X AND "Visit Number" = Y 
AND Events "Duration" > Treatment Cost "Duration" 
Events "Duration" Treatment Cost 
"Duration" 
Average Duration overruns as: 
WHERE "Treatment Name" = X AND '''Visit Number" = Y 
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COUNT "Duration" AS N 
SUM "Duration" AS P 
PIN=A 
A - Treatment Cost "Duration" 
All of which can be calculated for individual clinical professionals or 
sites (which may become relevant when the new surgery begins 
operation), or both, by including in the search conditions the additional 
term: 
WHERE "Staff Name" = ??; 
or 
WHERE "Site" =?? 
However, it is suggested that in addition to these controllable elements, 
i.e., punctuality - "Did the appointment start on timeT'; and duration -
"How long did the appointment last?" which may have · knock -on' 
effects on punctuality; there is a third, the conditions necessary for the 
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assurance of core service quality - it is possible to control the extent to 
which they are met. 
The "event report", implemented as an on-line data entry form, can be 
seen to represent part of the "three star" channel passing performance 
data relating to the provision of individual service events to the practice 
management function. The completion of this information, thus far, is 
provided by the detailed patient notes held separately to this information 
system for reasons of security and patient confidentiality 13. 
Operations Management 
If the information captured above is compared with that identified as 
necessary to effiCient operation in chapter ten, i.e. "... confirmation of 
'work carried out', by whom and its actual duration" it can be seen that 
the only additional information carried here are the two values "due 
start" and "actual start" necessary to the calculation of "lateness". And 
that the "confirmation of work done" will form the link between the 
clinical professionals and the "Administer Payments" activity (figure 
13 Note that there is an element of redundancy in this as. prior to the implementation of the IT tool. the 
patient record would have played the role of the three star channel in its entirety. TIle additional value 
provided by the database is in the punctuality and duration data. and in enhanced accessibility. 
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seven, chapter ten) providing the basis for the cost of operations (and 
total cost) calculations identified as the primary role of system three in 
previous chapters. 
U sing this information, within the logic of this level of the model, for the 
management of quality at Zubnich it can be shown to be sufficient (in 
conjunction with the 'model of self, see appendix one) to answer the 
questions raised earlier. That is, it is possible to ensure that only 
appropriately qualified people have carried out the controlled (i.e. 
clinical) tasks, and that they were (or were not) carried out when it was 
(implicitly as per the appointInents made) agreed they would. Noting 
that the legitimacy of application, for this level of consideration, is 
implied in the detailed descriptions given in the 'model of self, i.e., the 
model of self assumes its own validity as the result of past organizational 
experience and the demonstrable fulfilment of legal constraints 14. 
Because the method of the allocation of patients (as raw material) is 
controlled at the reception and because of the various codes of ethics of 
14 That is to say that the model of self is the result of organizational learning/adaptation in the 
operational envi;onment and. as such, is a perceived as stable reference point ~or the assessment of 
operational activities. It is, however. subject to alteration in consequence of enVironmental stul1uh or 
changes in organizational identity. 
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the practitioners it is highly unlikely (at Zubnich) that an unqualified 
person would be used to carry out clinical procedures. Therefore the 
effective quality management measures available to the operational 
management function relate to the approximation of the model of self 
currently applied, that is, punctuality and the duration of actual 
treatments provided. 
Start on time 
every time? No 
Yes 
Monitor No 
Durations 
within 
Model? t-- No -. 
I 
Yes 
• I Monitor ~ No -
J~ ~~ 
General or 
Specific? 
Significant? 
Review 
Appointments 
System 
General or 
Specific? 
~, 
Significant? 
+ 
Review 
Model of Self 
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Specific 
Specific 
Review 
--.. 
..... Individual 
('~""c; 
Figure 7a 
Review 
.. 
... Individual 
~r 
Additional 
Training 
Figure 7b 
Figures seven a, and seven b, show possible decision procedures for 
rectifying quality problems related to the model of self (note that the 
appointments system is constrained by it insofar as it must employ 
appropriate allocation procedures). In both cases, however, the resultant 
changes can only be internally focussed, i.e. any changes made to the 
model of self are legitimate only so far as they do not breach the 
conditions for legitimacy established by the external operational 
environment. Thus changes that can be made relate to the timings of 
appointments (and the mixes that are pennissible for multiple 
appointments) and the times allowed as durations (e.g. it will be possible 
to extend the model duration time but not to change the "By Role" 
designation). 
Note also that a differentiation is made between "general" and "specific" 
mis-matches. This is because it is assumed that a "general mis-match 
will be the result of a practical inaccuracy in the model of self, i.e. the 
model does not reflect the reality, whereas a specific mis-match is 
assumed to be caused by the circumstances surrounding and individual 
practitioner (as shown in the example) or operational site (this being 
462 
why, in the duration example (7b), the procedure ends \\;th "Additional 
Training,,15). 
The final closure of this level of the model is provided by the 
legitimation of the model of self and the client feedback, both of which 
are functions of the operational environment scanning facility provided 
by system four. In practice these functions are fulfilled for Zubnich via 
communications and updates regarding best practice from the General 
Dental Council, the professional development undertaken by the 
practitioners and a complaints/queries procedure operated by the practice 
as shown in figure eight. 
GDC 
Communications 
Professional 
Development 
Complaints/Queries 
Procedure 
f--
... Operational 
... 
Environment 
Operational 
- Management 
~ Validates 
+- Constrains 
Model 
of Self 
Figure 8: External validation of the Model of Self 
I S Note that this additional training would be ex-pected to be met out of the "Discretional) Budget" 
(see figure seven, chapter ten) as it is necessitated as an integral part ~~ thc apprOXlnl.:1t10n of 
operational goals. This is another of the points where the "etfectl"cncss model of chapter lcn 
connects back into the quality model. 
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Thus the "Model of Self' can be seen to be tested for utility both by 
internal performance and external demands and, although it is perceived 
(and spoken about) as being stable for operational purposes (a perception 
that is enhanced by the variety absorption of organizational identity), is 
however a dynamic element of the model. 
The perception of stability of the model of self is a function of the variety 
absorption of the identity of the organization, which is to say that, the 
potential for infinite variation in the solutions of the "environmental 
demands and operational capacity" equation is attenuated by the val ue 
set that Zubnich (as the practice owner) brings to bear on the definition 
of the value set of the practice. In short, an 'infonned' decision is made 
as to what services the practice will offer in the light of the law, the 
market demand and the operational ability to provide. Thus the model of 
self is a concretization of this decision and forms the basis of the 
operational definition of "quality" for the practice. And will remain 
valid insofar as it is legitimated by the operational environment and 
continues to accurately reflect internal activities. 
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Figure 9: A Dynamic Model of Self 
To the extent that the operational management at Zubnich receives the 
information captured by the "Events" report (and the legitimation 
feedback from the operational environment) it is able to monitor and act 
upon the quality of the services provided by the practice. However, 
although this information may allow a parsimonious basis for decision 
making, the lack of the richness of discursive information was assumed 
to be limiting in a social context. In an attempt to overcome this, and to 
utilize the human potential for problem solving, a second feedback 
channel was developed. The "Issues Tracking" database was adapted 
from an earlier consulting project 16 and provided a platfonn for 
16 Lyuobov and Meerski. the client in this project. are a financial services prO\'idcr with a slrongl~ 
people centred corporate culture. In that context it was considered appropnale for cmplo~ccs 10 be 
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"explanations" of procedural failures or the airing of worries or concerns 
about service provision by the members of the practice. This gives the 
advantage of being able to capture (within a similar structure) those 
elements of the quality of practice provision that are not directly 
susceptible to numerical representation or analysis. 
The structure of the database was based on the categories used to 
segment practice operations i.e.: 
Administration; 
Clinical; 
Customer Service ; 
Management; 
Technical. 
The raisng of an "issue" leads to the initiation of a process leading to its 
resolution incorporating management meetings and utilizing the 
technology both to track progress and ensure that all such Issues are 
brought to the attention of the appropriate manager. 
encouraged both to learn from past mistakes and to engage in the debate to ensure beller pcrfonn.1ncc 
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Issues are (initially) raised by individual employees who are asked to 
provide the following information: 
Their name; 
The date the issue occurred; 
The category it falls under; 
A description of the issue; and, 
A proposed solution. 
This information is then passed to the practice reVIew meeting for 
discussion, where it is decided: 
What should be done to resolve the issue (the agreed solution): 
Who is to carry out (or be reponsible for) the agreed solution; and, 
When it is to be completed by. 
This information is also entered into the database. 
in the future, Thus tllC issucs tracking fad Ii t)' allowed for an cxplanato~ input to be given along side 
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On completion of the activities to be undertaken as a solution: 
The file is tagged "complete"; 
The name of the person that "signed off' the activity is entered: 
and, 
The date it was completed is entered. 
From this structure it is possible to determine the progress of an Issue 
from entry to completion, i.e.: 
Extant raised but not "Complete" and not "Active" - the 
Active 
first elements of the file have been entered but there is no 
agreed solution, the solution has not been tasked to any 
person and the completion date has not been entered, and 
the "Complete check box has not been activated, there is no 
"sign off' entry and no completed date; 
raised but not "Complete -, - the first and second 
elements of the file have been entered, i.e. there IS an agreed 
the more mechanistic performance measurement. 
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solution, a person tasked to carry out the solution and a 
complete by date, but the "Completed" box is not acti\'ated~ 
there is no "sign off' information and no completed date: 
Complete all elements of the file have been entered and it is 
possible to audit the progress of the issue through the 
system. 
It is possible to use these definitions to automatically provide an 
agendum for practice meetings by printing three reports thus: 
New Issues = print "Extant" - thus solutions can be agreed and 
people tasked to carry the solutions through; 
In Progress = print "Active" - thus progress reports can be 
requested and resources amended as necessary; 
Completed = print "Complete" - thus it is possible to ensure 
proper completion and that completion was achieved within 
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the timeframes agreed and! or imposed at preVIOUS 
meetings 17. 
Because of its discursive fonn and the fact that it IS not driven 
exclusively by internal events (i.e., as opposed to the perfonnance 
monitoring element fed by the "Events" report which is numerical (how 
many, how often, how long) or logical (the 'yes" or "no" of the role-task 
link) this issues tracking database is able to allow more subtlety of data 
capture and allow a fonnal input into the system of environmental 
information. For example client feedback or complaints, changes in the 
law, or new products could be entered under appropriate category 
headings and filtered for relevance at practice meetings 18. 
Figure ten shows the "Quality Loop" positioned within the operational 
management model (system three) from chapter ten. In the diagram the 
elements of operations management presented in chapter ten are depicted 
with solid lines and further surrounded by a box, the "Act" elelnent 
17 For operational reasons the "Complete" report is constrained to those issues completed since the 
previous meeting and. therefore, has the additional constraint "AND "Completed Date" > "'ast 
Aleeling" . 
18 It should be noted at this point that clause "S.2.1" of the ISO/C02 900 1:2000 standlrd reqUires thai 
"Customer satisfaction shall be used as one measure of system output..·· (8SI. 19993) and that thiS 
facility provides a method for capturing this. However in a larger host organi/ation thiS level of 
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affects all the other activities within this box. It is possible to see how the 
elements of the database correspond to the VSM and how it is possible, 
within the principles of chapter eight, to take action to control the quality 
of the output of the practice as defined in relation to the operational 
model of self. For example: 
If a clinical treatment is discovered to have been carried out by an 
unqualified person the appointments process is controlled to ensure 
that only qualified people are assigned clinical tasks. 
If an individual professional is found to take longer than is allowed in 
the model of self discretionary resources may be applied to allow for 
extra training, or the appointment times allowed may be extended, or 
extra nursing support (i.e. shared resource) may be allocated. 
If an individual professional is found to be subject to an unusually 
large number of complaints (note that any at all may be unusually 
large) fees may be withheld until the situation is investigated or 
'fi dl9 rectI Ie . 
support may not be sufficient and the construction of ~ dedicated database (i.e. one separate from tbe 
issues tracking database) may be necessary to fully satIsfy tbe reqUirement. .. 
19 In the case of Zubnich this infonnation would become apparent through the (ncgau\c) usc of the 
issues tracking database to identify the illegitimate use of the skill set as represented by a valid 
complaint. 
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If punctuality is seen to be a problem action can be taken to re-orient 
the bookings of appointments or the mix (i.e. a system two acthity) 
allowable for maximizing time utilization. 
Thus in this way it can be shown that the database tool provides the 
mechanisms to allow the Zubnich practice to approximate the static 
quality implicit by its approximation of the ideal represented by the 
operational model of self. 
Dynamic Quality 
Where operational quality at Zubnich is defined as, and controlled to 
achieve, the approximation of the operational model of self (i.e. the static 
model), dynamic quality can be seen as the active redefinition of the 
identity of the organization in response to environmental pressure (or the 
teleology of the owner). Using the terminology of chapter eight, 
managing dynamic quality is equivalent to changing the organization 
such that the operational environment moves towards the aspirational 
environment, i.e. a desirable "outside and then~' becotnes an extant 
"outside and now" for which an effective (and perceived as stable) 
operational model of self can be constructed to deal \"ith. 
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dentists) carry out the tasks (i.e. dental treatment). This implies a 
baseline level of competence in dentistry evidenced by an accepted 
dental qualification20 . However "being a dentist" in the general sense 
which allows for the quality assurance is extended in practice to "being a 
dentist at Zubnich". This can be demonstrated within a model 
established for another client21 , where the structure included "generic 
skills", "job specific skills" and "professional skills". 
GENERIC 
e.g. interpersonal, basic 
administrative, IT 
literacy, etc., I.e. 
those common to 
most or all areas of 
the practice. 
PRACTICE 
SPECIFIC 
I.e. skills that relate to 
"how we do things 
here", the role 
specific skills that 
extends baseline 
competence within 
the body of 
PROFESSIONAL 
i.e. the wider body of 
knowledge that 
underpins "how we 
do things here". 
knowledge. L-__________________ ~ ________ _= ________ ~ __________________ _ 
~o That is. one that is acceptable to the General Dental Council (GDC) as sufficient to aUow entry onto 
the "Register". . . . ~I Again Lyubov and Meerski, as some of the roles there were ~at~ by the Fmanclal ~r\"lccs 
Authority (FSA) professional qualifications were necessaI?' .to thell' p~cuce. However. the mternal 
training related to the finn specific procedures for the pronslOn of ~r\"lccs and the JX>SSCS:Slon of less 
specific skills such as the knowledge of filing procedures and the ability to usc the ICT eqUipment 
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Thus, to "be a dentist at Zubnich" is to possess: 
a) the baseline competence in the body of knowledge appropriate to the 
award of a recognized dental qualification; 
b) an extension to this competence by way of the ability to operate the 
practice specific procedures established for the provision of the 
treatments offered. That is to say, the legal and clinical ability to 
deliver the operational model of self; and, less importantly within the 
context of professional service quality, 
c) the generic skills necessary to function as a member of the practice. 
Thus where, in the static model, the designation "is a dentist" was 
sufficient to assure quality - because a static quality measure implies a 
static body of knowledge implies the sufficiency of a static qualification 
- is, here, no longer sufficient. The discretion implied by a dynamic 
body of knowledge generating multiple valid approaches to treatment 
requires that the practice state explicitly those additional (i.e. beyond the 
baseline competence implied by the qualification) skills it uses. And, 
leaving aside the "generic" skills although this approach applies equally 
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to them, as the wider body of knowledge is externally detennined this 
means the specification of "the way we do things here" or the ski II set 
relating to the operational model of self (see figure eleven22). 
Wider 
Body of 
Knowledge 
FigureJ J: Nested Skill Sets 
When the nested model presented in figure eleven is overlayed with the 
operational and aspirational environments it can be seen that the area 
representing current practice will, in most cases, coincide with the 
"operational environment" and that some sub-set of the "wider body of 
knowledge", up to and including complete coincidence, represents the 
valid "aspirational environment". Thus an adaptive response can be 
triggered if either: 
the operational environment moves away from current 
practice, i.e. current practice is de-Iegitimated~ Of, 
~:! Note that this representation does not include a mechanism for the extension of the body of 
knowledge. Equally it does not preclude it however as the intention is to show the. relationship 
between baseline competence and a specific set of practices within the legitimating ""lder body of 
knowledge" it is nt relevant to this discussion. 
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the practice, by whatever mechanism decid t xt nd r 
change its service offering or target market. 
These three circumstances are shown as figure 
respectively. 
IIIWim1l111 
ab and 
V id r 
Body of 
Knowl d 
Wid r 
Bod of 
KnO\ 1 d 
liol/ 
Figure j 2 b: An enforced chan in Lh p rali 1/ 1 1/\ irolll11 )111 
I II' J : 771 d lIlili II 
\ id r 
d\ 
Kn \\1 
11 11r II I/al 111\ ' /1' 11111 JI1/ 
Figures twelve b and c appear to show the same event, i.e. the change in 
"how we do things here" to meet new operational demands and, in tenns 
of the adaptive response, this is correct. However there is a difference of 
focus, and of urgency, which is not immediately apparent. In the case 
where the operational environment moves away from current operations 
not only is there a need to determine new operational sub-models to 
address the new environmental demands, but also an effective de-
legitimation of some of the services offered. Thus the organization 
would be driven to change in order to survive. On the other hand, in the 
case of the extension of the aspirational environment the organization is 
able to re-define itself in a more relaxed manner, obsolete services can be 
replaced when their successors are in place rather than being forcibly 
prevented from being offered. In the first case the imperative is "Change 
or get out of the market", i.e. die. The actual change (or decision not to) 
being a question of identity and, as would be expected from earlier 
discussions, constrained by the "ethos" established by system five. In 
the second case the imperative is "We are going to become thiS", the 
decision to change, and into what, has been made and is constrained only 
by the necessity for and availability of resources to fund it, which is to 
say that it is constrained by the operational capacity for change. 
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In both cases the response is the re-definition of the operational model of 
self which, in the skills based model, implies a change in the skill set 
available to the practice. 
The introduction of ultrasonic tooth reduction, as a result of Zubnich' s 
desire to be a technological leader (and, therefore, an aspirational 
imperative) will serve as an example. 
Having defined the aspirational environment as including the demand 
for ultrasonic tooth reduction treatment (and having ensured that the 
capital is available to acquire the equipment - which is another 
element of the model of self) it is necessary to review the operational 
model for each of the services that the new equipment will affect. For 
example filling a decayed tooth. The pre-existing procedure can be 
represented, simply, as: 
I Assess H Anaesthetize H Drill H Fill H p~~ 
With the associated skills and knowledge implied by competence in 
the body of knowledge, e.g. precautions for the administration of 
anaesthetic, the use of the drill, preparation of amalgams, etc. 
However, with the new equipment the procedure is now: 
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I Assess 1--_--1Jw ReduceJRemove 1 r::lrie~ 
The procedure is not only shorter (i.e. it contains fewer elements) but 
requires a different skill set, i.e. it is no longer necessary to administer 
anaesthetic, but it is necessary to be able to use (and maintain) the new 
machine. 
Thus in order to demonstrate competence (i.e. quality) it is necessary 
to re-define the treatment protocol (i.e. the model of self), ensure the 
availability of the new skills to support it and demonstrate that these 
skills have been used in its provision. 
The example demonstrates how it is possible for the skills held and 
utilized within the practice can migrate over time in response to 
(aspirational and operational) environmental needs and how this affects 
the model of self that is maintained. It is this migration that necessitates 
the existence of a more detailed record of the skill sets possessed by 
individuals within the practice. 
Here it is necessary to return to the skills acquisition element of figure 
three (this chapter). When a new skill is needed the options are either to 
recruit a new person that has it, or to train an existing member. 
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I Run Practice Incumbent 
Categories Roles 
Tasks 
Procedures 
Descriptions 
P pI 
Qualifi ti n 
Lev 1 
Pr 
D 
~--- Pr \ i 
Figure J 3: Ih addili 17 oj 'Pro} iOIl / D \ 
A final addition to the relational lnodel hown a fi gur thi chapt r 
completes the database tool inlplell1ented £ r Zubnich and pr id 
doclunentary support for the lnigrati n intr duc d ab a Pr 
Developlnent' file . Thus figlue six becom fi gur thirt n. 
The link between 'People and Skill 1 throll hat bl P pi ill " 
which contains the fields 
Name" 
kill; 
l' and 
Evidence. 
Which identifies the skills currently held b indi idual th I \. I 
achievement and/or competence and the e idenc u 
claim to possession ("Evidence can accept the alu 
(i.e. a formal qualification that conveyor ub urn 
"APEL" (i.e. accreditation of prior experiential leamin 
d 
th 
t upp 11 th 
'qu lifi ati n 
kill 
P 
, 
r 1. . , 
continuous professional develoPlnent). CPD al act a act h- II ' 
category for fonnal training COUf e that do not 1 ad t th w rd a 
formal qualification 
The "Professional Development elelnent i upp rt d with a tabl th t 
contains details of developlnent activities u ing the field : 
Name; 
Activity N urn ber; 
Year; 
at or 
Obj cti 
tivit D fipti n' 
Start Date; 
End Date; 
Cost; 
Review By Date; and, 
Revie~3. 
Thus in the case described in the example above it would be possible to 
search the "People Skills" table to discover whether or not any member 
of the practice possessed the ability to use the new machinery (and on 
what basis they were claiming such possession), and whether or not the 
practice had used formal training for this purpose in the past (and how 
effective it was assessed to have been). Where the practice either did not 
have the skills (or a management decision was made that more members 
needed them) action could then be taken to identify an appropriate source 
of provision, thus acquiring the competence to provide. 
In this way the adaptation of the practice (represented in this case by the 
migration of the skill set) is documented in a manner that renders it 
accessible for inclusion as part of the operational model of self on which 
the assessment of operational quality is based. 
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This, I think, makes it clear that the practice IS adapting to neVi 
conditions by adapting the skill set it utilizes, which is consistent \\'ith 
assertions made elsewhere in this document. Thus the structure applied 
to the data is that shown in figure thirteen (i.e., it is the skills that can be 
brought to bear that are important, the qualification (shown with dotted 
lines) providing only a useful shorthand representation of their 
possession )24. 
Adopting the "skill" rather than the "qualification" as the basic unit of 
quality assurance also has another practical advantage - it allows for the 
generalization of the structure to all members of the practice (the focus 
of a later stage in the implementation). In this way it is possible to 
recognize and manage the skills needs of multiple roles within a 
consistent framework and extend the adaptive capacity of the planned 
development of the CPD approach to all members of staff. 
23 The "Review By" and "Review" fields are included to allow for the additional management facility 
of provider assessment. 
2-1 Although it would be possible to develop an automated module \\ithin the database which carried a 
detailed description of the skills available to a newly qualified graduate the efTor1 expended in 
maintaining this would outweigh the benefits in a single implementation such as that at Zubnich It 
must also be noted that the legal requirement of registrntion with the GDC in order to practice makes 
the inclusion of this qualification necessary for the clinical professionals. 
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Summary 
In this chapter I have introduced a detailed model of quality assurance 
and control (based on the abstract model developed in chapter eight) 
implemented at the Zubnich Dental Practice and detailed the data 
structures, search procedures and decision points used to support it. The 
guiding principle was that quality at Zubnich, as a professional service 
provider, was dependent upon the skills of the individual professional 
clinical personnel. And therefore that in order to manage the quality of 
the service provided to patients it was necessary (with the exception of 
punctuality and the duration of treatments) for Zubnich to be able to 
monitor and manage the skills available to the practice. 
The primary elements of this were the "Events" report used to acquire 
and store information relating to the delivery of treatments (i.e, start 
times durations and who the treatment was carried out by), the "Issues , 
Tracking" facility and the current (i.e. perceived as stable) model of 
self5. Operational quality at Zubnich was defined as being the 
approximation of actual performance to the criteria, both explicit (e.g., 
this treatment will take this long to perform) and implicit (e.g., the 
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expectation that an appointment for treatment will begin on time) within 
the environmental constraint that the activities performed are legitimate. 
This level of quality management (assuming the ongoing legitimacy of 
the model of self) was described as "static" in that the goal state 
remained constant (as would be expected given a stable model of self) 
and, therefore that the organization could, assumedly, attain a perfect 
state where all quality criteria were met all the time. The mechanism for 
this, being directly derivable from the model introduced in chapter eight, 
allowed for 'management' activity to change performance by the 
selective application or withdrawal of resources as reward (or sanction) 
for (non)achievement or development or efficiency purposes (within the 
discretionary budget calculation), or for some limited re-definition of the 
model of self6. 
Because of pressures from both the environment and internal operations 
the validation of the current operational model of self was shown as 
~5 Which. as can be seen from appendix 1. contains information relating to acceptable duration ti mes 
and acceptable provider roles. . 
:!6 For example the abilit)· to adjust the duration of a treatment where It ~me apparent tha~ the set 
time was not achievable and where this was causing 'knock-on' problems With. e.g .. punctuaht~ But 
it would not be possible to alter the treatment provision as this would be an action reserved for the 
definition of "identity", a system five, or. more correctly within my interpretation. the ")4-5" 
homeostat role. 
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being driven from two sources. Internally it must accurately reflect 
current practice (hence the facility for some limited re-definition) and 
externally it must be capable of satisfying environmental constraints. In 
order to allow for this at the level of operational quality the notion of the 
"operational environment" was introduced (an "outside and now" as 
opposed to Beer's "outside and then") to reflect the assumptions the 
organization had made in formulating its operational model of self. In 
the context of service quality this environment, for Zubnich, was 
assumed to comprise legislative and professional constraints (i.e. the law 
and the codes of practice of the relevant professional bodies of the 
clinical professionals, mainly the GDC) and patient feedback. 
At Zubnich the only one of these external sources that may require 
management at an operational levee? is patient feedback. Here the 
legitimation is negative, i.e., the assumption is made that, in the absence 
of complaint, the treatment provided is valid - this underlines the 
reliance of on professional competence and, where the absence of malice 
is not assulned, raises questions for the regulation, and establishment of 
safeguards in the provision, of such services. 
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Where the operational or static model is described as being concerned 
with perfonnance in relation to a set of relatively stable criteria (i.e. the 
operational model of self) the dynamic model was described as being 
concerned with the identification of these criteria and facilitating the 
moves between them. In the case of Zubnich this amounted to the 
definition of skill sets appropriate to the provision of identified services. 
These servIces were "identified" as an informed judgement of the 
appropriate response to external demands or internal desires and, as such, 
created what I termed the "aspirational" environment. This identification 
of appropriate services and the skills sets necessary to provide them 
constituted a re-definition of the operational model of self. Thereby 
allowing for the migration of skills currently held to a stage where the 
practice possessed the skills needed to be held to satisfy the new model 
of self. 
The constraints on this mode of management were also discussed in this 
(and the previous chapter). Where is was suggested that whilst 
27 This being for the pragmatic reason that. because of the timescales involved. changes in legislation 
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operational activity was constrained by the 'ethos' of the higher leve I this 
higher level "aspirational" change was also constrained - this time by 
the availability of resources provided by the operational level. This 
strengthens the assertion that it is necessary to integrate quality, 
efficiency and effectiveness management in order to achieve 
organizational goals, however they are set. 
The final element of the database tool, i.e. the facility for monitoring 
professional development, provided this link by including, in addition to 
data directly related to the development activity, the cost infonnation 
(and, therefore the ability to communicate with the financial model of the 
practice) and a review section (thus allowing Zubnich to comment on the 
effectiveness of the activity). 
Figure fourteen gives a schematic representation of the database tool in 
context (the dotted areas represent activities which are supported by the 
database but do not form part of it). And must also be viewed in the 
context of the organizational (as opposed to quality) model presented in 
chapter ten28. 
and or professional codes of practice are lmlikely to impact on the day-to-day running of the practice 
28 An added practical validation of the database model is the recent (Feb 2000) proposal from the 
Hong Kong Dentists Association to collaborate in the extension of the core database model to Include 
489 
"Creates" 
Aspirational 
~ .................. ............. Environment 
_ __ Legitimation 
Feedback 
........................ .. r····S·~·~·~-···-··-··-···--~ 
-~.[ COlla~ I 
t---- - - -- Validat 
In 
I 
t __ 
D 
~ 
1-----"1 Compare 1..--------1 
........... -.. 
..... . ..... , ... 
~~~orm~ce (_/ ~perati n '\~ 
i 
..... 
..... 
" . 
..•. 
..... 
:' 
i 
.' 
/ 
nu 
T 
ntit 
10 
F ig ll r J -I .- A h ? 11/ / i if / h q II Ii/Ill ) i I 
References 
Ashby, W. R., (1960), Design for a Brain Chapman and Hall nd n. 
Beer, S., (1985), Diagnosing the SystelTI for Organizat n Wil 
Chichester. 
BSI (1999a) BS EN ISO/CD2 9001 :2000 L nd n. 
Dudley and Beckford (1998) "That' Not V r Bi I It .": kill 
Quality Sy telTI Manag m nt I Ll In cial ar V I. 
f Ii\' n Il1 ClJ1 8 III nl nnd pati nl r rd t1l dul \\ Ith < \,1 \\ I 111,111 
rn I i Illtlllil 111 11 I t I. 
4 
General Dental Council (1997), Maintaining Standards: Guidance to 
Dentists on Professional and Personal Conduct. 
491 
Chapter 12 
Conclusions 
Review of Approach 
To conclude this report it is necessary to return to the que~tion~ the 
research project was intended to anS\\'eL i ,e,: 
"'Is it possible to construct an effective Inodel of qualit~, 
Inanagelnent that is applicable to senice quality Inanagement 
using cybernetic principles?": and, 
"If so, whal would if look like?", 
When these questions are asked in the conte\:t of the method applied 
during the project (pre~ented In the introduction, ~ee figure one) It I~ 
possible to 'tease ouf a nUlnber of ill1plicit ll1cthodological i~~lle~ 
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Interprets 
Bod 
Of 
Knowledge 
Informs 
Creation Of 
I pe i fi 
Appli ation Of 
Modifi / 
Validate 
Problem >-- Drives Model Dri 
\ ' lid t 
p Ii ti n 
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Here it can be seen that both the model (in th t nn pre nt d) nd th 
research questions assume the definition of the pr bi m and th 
of 'body of knowledge ' as given. Clearly a d ci ina t v h t 
constitutes the 'probleIll ' and therefore the b dy f kn 
appropriate to its 'solution ' was taken but i not e id nt in th m d I it 
stands. The decision criterion elllployed at thi tage wa a m thin 
the perceived characteristics of the problem ituati n with th p it 
varIOUS approaches or methodologie to addr th m . \l1 n 
approach silnilar to the choice pha e of the T tal nti n 
approach uggested by Flood and Jack on FI dan] k n 
pp. 51 /2· Flo d 1995 pp . 6-41 b m ti th hi 
a b au f it abil it t addr th mIx-unit I " d n 
Jackson, ibid, p. 35) Issues considered chara t n ti u lity 
management in the service sector. 
Thus there is a ' pre-engagement' element (gi en a fi ur t\ n t 
shown in the initial version of the model that allow for th n m 111 II I 
rational selection of an appropriate body of knowledge . And it i b 
detailed interpretation of the problem situation thr ugh th b d f 
knowledge that this situation is tlIDled into a defined pr bi m I. 
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As the project is a report on the execution of a consulting contract the 
utility of being able to state or define a "problem" in this way lies in the 
fact that it also (in principle) allows the statement or definition of \\'hat 
would constitute a "solution". Which is to say that, by defining the 
relevant aspects of the "problem situation" its apparent complexity is 
reduced, both numerically (i.e. there are fewer things to consider) and 
pragmatically (the things that are left for consideration fall within the 
competence of the body of knowledge). 
Checkland draws a similar distinction between "problems" and "problem 
situations" thus: 
" the definition of structured problems implies what will be 
accepted as 'a solution', unstructured problems ... are conditions to be 
alleviated rather than problems to be solved." (Checkland, 1981, p. 
155). 
The selection of a model (or the design of an approach) for the 'solution 
of the problem' (from within the body of knowledge) is, when viewed in 
this way: 
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" the evaluation of the efficiency of alternative means for [the 
achievement of] a designated set of objectives" (Ackoff, 1957, quoted 
in Checkland, 1981, p. 155). 
This is consistent with the role of the consultant in a professional and/or 
contractual relationship with a client (insofar as it allows for a definition 
of the scope, extent, and, therefore, the cost of the work to be provided), 
but also assumes the validity (and/or legitimacy) of the body o.f 
knowledge appliecf. Thus the construction or (as in the case of this 
project) selection of a model to apply to the 'solution' of the 'problem' is 
a function of the interpretation of a 'real-world' problem situation 
through the 'body of knowledge' (i.e. the "problem"). And it is this 
abstraction that leads to the perceived numerical and pragmatic 
complexity reduction mentioned earlier. 
However, in practice the pre-engagement stage of a consulting project (in 
personal experience) often involves extensive negotiations with the client 
as to what constitutes an appropriate 'problem' for solution. This 
involves, inter alia, an exploration of the perceptions of the probleln 
~ As. within the constraints of chapter one. does the applied element of this project 
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situation3 and possible improvements as an integral part of the 
discussion. This creates a second set of constraints on the choice of 
model to be applied. As can be seen (simplified) in figure three, the 
model finally chosen ( or constructed) is an outcome of both the 
(negotiated) perception of the problem situation represented by the 
"problem" and the researcher's ( consultant's) reflection 4 (either in 
isolation or in negotiation) upon the perceived solution(s) of it through 
the body of knowledge. 
Drives 
Body 
Of 
Knowledge 
Informs 
Selection 
Of 
Is Reflected 
Through 
Problem - Selection Model 
Of 
Figure 3: Selecting (Constnlcting) the Model 
As a consulting contract, the project was 'client-focused' (i.e., client pays 
consultant for solution), having agreed (in more or less detail) the 
characteristics of a solution (see discussion above) it became necessary to 
3 Thereby allowing a greater degree of confidence in any diagnosis eventually arrived at and. to some 
extent addressing the possible concerns of the "soft" school. 
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provide it. This 'outcome focus' has the effect of fixing the goal state 
and rendering the approach to it variable5 (see figure four). 
Thus the criterion of practical success is the delivery of a 'solution' to 
the 'problem' (or an "alleviation of the dis-ease" caused by the problem 
situation). By explicitly allowing for the modification of the model in 
response to its inability to meet this criterion theory is shown to be 
secondary to practice. Theoretical value, on the other hand is gained if 
either: 
a successful practical and theoretically valid solution is achieved, 
thus allowing the model to be used in other interventions in this 
field; or, 
the modifications necessary to achieve a successful practical 
solution exhaust the theoretical resources of the body of 
knowledge (i.e. a theoretically valid solution is not possible, and 
therefore the body of knowledge can be considered invalid in this 
field . 
.. Note that this "reflection" can (as in this case) lead to modifications of the 'basic' model In order to 
better tailor it to the perceived solution before beginning any formal intervention. 
S As opposed. for exanlple. to the mathematical problem "calculate 1(. to X decil1l.11 places" \\ here the 
aJgorithm '/ d is fixed and run until "decimal places" = X and the solution cmcrges. 
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Figure -I: The Relationship of the Model to "Reality" 
Thus is the project a de Jacto test of the validity of cybernetic principles 
in the area of service quality management. 
However, in this manner of intervention, i.e. a single empirical test, 
failure cannot provide a definitive negative answer to the first research 
question. That is to say that, the inability to create a "model of quality 
management that is applicable to service quality management using 
cybernetic principles" cannot definitively answer the question "'Is it 
possible?" beyond the reply "Not in this case". 
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In order to render the test of cybernetic principles "scientific" in the 
Popperian (see Popper 1934, pp. 133 ff.) sense it is necessary to 
reformulate the (working) question in such a manner that it is falsifiable 
by a single empirical test. Given the problems with this in positive 
phraseology (and the investigative phraseology of this project) discussed 
above it is necessary to state a negative hypothesis, i.e.: 
It is not possible 10 constnlct an effective model of quality 
management that is applicable to service quality management using 
cybernetic principles. 
This has the dual advantage of: 
a) being falsifiable given a single instance to the contrary, that is, if 
a successful practical quality management system is constructed 
using cybernetic principles the hypothesis can be rejected; and, 
b) being susceptible to rigorous testing by the prototypical 
approach adopted, as this will tend to 'hunt' feasible solutions 
by progressively improved approximation. 
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In this way it is possible to drive the (consulting) project forward towards 
an effective solution for the client through iterative application of the 
process shown as figure four, whilst retaining the rigour of the theoretical 
outcomes through a 'reverse pass' from solution to theory as shown in 
figure five. 
Modify i I No I 
-" 
1 
Model - Drives - Application .. Successful? ... 
j 
Hypothesis Within Body of I I M Yes r- ...... Yes False Knowledge? ..... I 
I 
I No I 
• Hypothesis 
True 
Figure 5: Reverse Pass Testingfor the Negative Hypothe.\'is 
In order to complete this 'reverse pass' it is thus necessary to address two 
main areas: 
1) the practical success of the project, that is to say the extent to which 
the database implementation and the model of qual ity Inanagement 
that it supports has achieved the goals that were set for it: and, 
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2) the theoretical considerations raised by the project, including the 
extent to which the model developed (primarily) in chapter eight 
contributed to the practical success of the implementation and the 
extent to which its 'predictions' were experienced in practice: 
In addition to this there are possible areas of further study, extensions or 
applications of the model, not addressed in this report, where the insights 
gleaned may be beneficial or whereby some of the illustrative constructs 
used may be made more rigorous. I believe this to be necessary because 
although the project was based on an established model of organization, 
i.e., Beer's "Viable System Model" (VSM), the interpretation of it 
actually used during the consulting interventions required a re-
consideration of the fundamental principles on which it was based. This 
led, especially in chapters seven and eight, to an operational version of 
the VSM which looks somewhat different to the "pure" version outlined 
by Beer in his work and which may, therefore, offend those adopting a 
pedantic reading of the model. 
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The Practical Success of the Project 
That the project as a whole can be regarded as a practical ~ucCe~~ can be 
demonstrated in three ways: 
1. in the acceptance of the database tool by the client: 
2. in the recognition of effectiveness at "industry" leve I: and, 
3. in the recognition of Inore general applicability to quality 
management. 
The Da ta base Tool 
A database with the structures outlined in chapter ~ight ha~ bC~1l 
constructed and is populated with "live' data. The prototyping approach 
adopted during the construction allowed for the logics to be tested at th~ 
cotnpletion of each module and on its integration into the widcr suik 
This enabled the operation of the database to be validated by the clicnt on 
an ongoing basis, thus atneliorating the conlplexity of final prc-dcl ivcry 
checks. A significant advantage during thc construction of the database 
was provided by first hand knowledge (a first degree in infonllation 
systClllS) of structured systctns Inethods. .\nd sj III i larit i~s can bc ~L'cn 
bct\\een the approach used here (e.g., in the use of the VS\1 (as a data 
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flow diagram) the relationships between the functional elelnenb of th~ 
organization (as "relational data analyses") and the necessity for 
"normalization" of the base data tables, and structured infonnatlon 
systems design methods, e.g. Structured :-:':rslems Anazr\l" and I h'\'Rn 
Methodology (SSADM) (see, e.g., Hares. 1990). 
The database is now undergoing "interface" refineTnents, ie the final 
layouts of the input fonns, menus and report fonnats are decided and 
produced. This activity is intended to enhance the accessibility of the 
tool in order to tnaxitnize perceived benefit. 
In relation to the terms of reference agreed \\'ith the client it has been 
accepted that the database has fulfilled the brief and IS capable of 
supporting quality management at Zubnich. 
Indu~tty Acceptance 
The logic of a quality tnanagement systeln based on the VSM su~~ested 
that it was necessary to include elements of 'effectiveness' rnana~enlent 
as an integral part of the model. The constraints of the brief at-lfced at 
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Zubnich precluded this (and the mechanization of a nUlnbL'r of elelllenb 
that would formally constitute part of a quality managel11ent systenl). 
A parallel prototype (i.e. one based on the saIne core design) that 
included the patient records module and the effecti\"cness Inana!.!elnent 
'-
module was presented to (and accepted by) the Hong Kong Dentist's 
Association as an effective model for dental practice Illanagement. 
This demonstrates that the general model has captured the necessary 
elements of dental practice (as perceived by dentists) and can. thus hc 
considered successful at this level. 
More General Applicability 
At the level of the model (i.c., the non-database elelllents of thIS 
interpretation of the YSM) the arguments presented in chapters two to 
four and nine to eleven inclusive were considered sufficient (by the Hong 
Kong Quality Assurance Agency) to form the basis of a series of l'nlirSCS 
for auditor training. The first of these courses. for auditors \\ III be 
responsible for the inspection of c0l11panies seeking certification to the 
ISO 9001 :2000 standard. \vas delivered earlv 2000. TIll" ·w\(.kr 
acceptance is, I believe~ sufficient to justify the qualified dt?finition of 
service quality and the approach taken to its delivery outlined in chaptt?r 
one. 
Thus it is also possible to assert that the model has a Inorc ~L'llcral 
applicability, i.e. beyond the . industry' for \vhich the prototype ~y~tenl 
was developed. 
Taken together, or in isolation, I believe that the three examples gi\'cn arc 
sufficient testimony to the practical success of the project. 
Theoretical Considerations 
There are two streams of 'theoretical consideration' needing to be 
addressed here, the extent to w,hich the "practical success" of the project 
as a consulting exercise supports the theoretical assertions Inade (thereh~ 
validating the model proposed), and, the extent to \vhich these a~sel1ions 
are cybernetical (thereby allowing a fonnal an~\\'cr to the rc~earch 
questions ). 
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cost for its provision, and the adaptedness of the system can measured by 
the ability to provide it for lowest6 cost. Therefore (and as with most 
elements of the model) cost becomes relative as the wider system 
"satisfices" (see, e.g., Simon, 1981, p. 36) the provision of necessary 
information (see also the discussion regarding evolution (in or out) of the 
"eye" in chapter eight) 7. 
The next element is not so much a tnodification as the result of taking to 
the extreme Beer's assertion that: 
"The metasystem ... should make only that degree of intervention that 
is required to maintain cohesiveness ... " (Beer, 1979, p. 158). 
In fact, taking literally the assertion he makes in the same context that: 
"The minimum is in principle zero" (Beer, 1979, p. 158) 
This minimal level of intervention allows for the maximal autonomy of 
the operational units (as is predicted by Beer's Inodel) which is the 
6 This may be lowest marginal cost assuming that it is possible that the (sub)s~stcm in focus rna~ 
already fulfil another function. 
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outcome required in professional service management. This is because it 
maximizes the extent to which the complexity created as a result of the 
negotiated element of service provision is absorbed by the professional 
competence of the operational unit. 
The logical extension of this to allow for resource input at system three 
(which is an apparent modification of the VSM) allows for the creation 
of a resource laden milieu for the operational units to draw upon within 
their internal (or systemic structural) constraints and imperatives)8. This 
element of the revision is supported, in the context of the Zubnich case 
by: 
a) the proprietorial rights of the practice (i.e. the gross resource, patients, 
belong to the practice); 
7 Note also that, within the constraints of the cosine efficiency model of chapter eight it is possible to 
derive a utility value for the management function in this way. 
B It should be noted that. whether this system three contact with the em'ironment is 'actual' (i.e. the 
system three physically receives the resources) or 'conventional' (i.e .. the .resources are collected 
directly by the systems one and made available to system three for allocation) IS not stnctly rclC\3n1 to 
the argument. It could reasonably be argued that the milieu created by system three conslltulc\ the 
environment to which the systems one are connected and. therefore, both \iews arc correct. Ho\\ C\'cr, 
in defence of the 'milieu' ,iew, it removes the 'problem' of resources being always received at the 
next lower level of recursion. i.e., not formally ever received at thc level of recursion of the system lfl 
focus. 
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b) the allocation or uptake of resource according to the internal capacity 
of the operational unit to carry out the necessary transfonnation (i.e., 
only dentists carry out dental surgery, etc.); 
c) the freedom of the operational (i.e. professional) unit to carry out 
whatever activity deemed appropriate one a resource is allocated 
(within the presumed constraints of the body of professional 
knowledge) as long as these activities do not transgress the rules of 
viability of the wider system (and, thereby cause the collapse of the 
resource milieu). 
The "toxicity" model of co-ordination (which provides one of the 
mechanisms for applying the constraint mentioned in "c" above, in the 
extreme 'starvation' is the other9) was suggested by Margulis' comment 
that "No organism feeds on its own waste" (Margulis, 1999, p. 115), 
therefore a system existing in an environment constituted by its own 
waste lO will die. Within the complete freedom implied by the "milieu" 
argument sub-systems with a 'positive growth' imperative}} (i.e. systems 
9 Whether socially (i.e. contractually) in the context of management or actually in thc biological realm 
10 See discussion below. 
1\ Note that for the purposes of this discussion a 'positive grO\\th' is assumed to demonstratc the 
potential for negative control. Howevcr it is also possible to envisage 'positivc' controls to counter 
depressed perfonnance based on the presence of honnones in biological systems. c g. mOlJ\3lJon.11 
exercises. gro\\1h progranunes. etc. 
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which are in some way programmed to exploit all possible resource 
availability would lead to a situation where: 
" . .. elemental operations (in pursuit of their individual targets) would 
inevitably exhibit activities that were not consonant with each other-
and which might be downright contradictory" (Beer, 1979, p. 158). 
When the 'milieu' is viewed as an 'eco-system' (constrained only by 
total resource availability) surviving as an entity on the basis of the 
balance of the interactions of its constituent elements, it is apparent that 
an overactive element may disrupt this balance. As all biological 
systems produce waste and that, in a relatively closed 'eco-system' this 
waste must either be taken up as input by other elements of the system or 
removed in some other way, at any given point in time there is a limit to 
the amount of waste received from the element in focus the eco-system is 
capable of maintaining. Thus, as the level rises, the accumulation of 
waste reduces either the amount of resource available to the element in 
focus (i.e. it drowns) or the capacity of the element in focus to process 
the available resource (i.e. it produces a toxic response), or the eco-
systelTI collapses. The integrity of the eco-system is enhanced by the 
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inability of the constituent elements to process their own waste. In this 
way the co-ordination of the eco-system is a function of the output of the 
constituent elements in the context of the resource availability (i.e., the 
milieu representing system three) and the (internal and external) 
structural constraints on their interactions. This is entirely consistent 
with Beer's (1979, pp. 182 ft) remarks concerning system two and 
strongly suggests that the co-ordinative system two information at any 
given level of recursion is received into the next lower level systems as 
'environmental' and, i.e., through system four. 
Moving this into the managerial domain (using the vehicle of the VSM) 
it can be suggested that (viewed traditionally) the output of an 
organization is an emergent property of the interaction between its 
constituent elements on their respective inputs. This implies that there is 
some (possibly many, as implied by the application of the "eigen-system 
model) sustainable 12 set of interactions between them leading to 
sustainable whole systemic outputs, and therefore that there exist 
acceptable mixes (as opposed, necessarily to levels) of "elemental" 
outputs which correspond to them. The co-ordination of these levels (i.e. 
I ~ Sustainability is a requirement for the viability of the system. 
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the maintenance of the 'mix') through the mechanism of output toxicity 
maintains a balance of resource distribution by depressing the capacity 
for resource uptake in the presence of (relative) excess supply. Thus the 
output of a given constituent element provides the basis of the 
mechanism of its co-ordination. 
Support for this interpretation was experienced at Zubnich in the co-
ordination of capital resource utilization, where the professionals 
operated on a percentage of turnover fee (and therefore where the 
pressure on individuals was to maximize individual turnover). Social 
and/or managerial sanctions could be applied to individuals whose 
activities reduced the availability of contracted capital resource to other 
members of the practice. 
When taken in the context of the discussion relating to autopoiesis 
(chapter seven, see also Maturana and Varela, 1980, p.78/9), i.e., in 
regarding the organization as a self-creating entity the above observation 
increases confidence in the assertion that the product of the organization 
is, effectively the waste product of the production of the organization 
itself. And, thus providing the basis for the co-ordinative tnechanisln. 
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The final "theoretical consideration" capable of evaluation through the 
case study is that of the "operational" and "aspirational" environlnents. 
These were described as being resultant upon interactions between 
"system three and system four constrained by the ethos defined by 
system five", and "system five and system four constrained by the 
resources made available by system three" respectively. These 
environments were suggested by events arising during analysis of the 
case and were, on this basis, included as an iterative modification of the 
model. This modification permitted, in practice, the formal location of 
both quality management initiatives and information sources and 
organizational change within the wider model. As such they must, by 
definition, be regarded as supported by the case study. 
Is It Cybernetics? 
Although the model eventually presented (in chapter eight) contains 
many modifications none of them, I believe, transgress the rubric of the 
VSM. The functional necessities Beer defines as the elements of the 
VSM (i.e., systems one to five) are still demonstrably present and are 
both connected and functioning in the manner that Beer describes. This. 
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it is suggested, is sufficient to consider the model I have presented to be 
legitimately called cybernetical. However a more rigorous assertion of 
'class membership' can be made using the original definitions of the 
concerns of the body of knowledge itself. 
Wiener (1948) determined the modem defmitioo of the field 10 the 
statement: 
"We have decided to call the entire field of control and 
communication theory, whether in the machine or the animal, by the 
name Cybernetics." (ibid, p. 11). 
Ashby, (1966) accepts this definition but adds that: 
"It does not ask "what is this thing?" but "what does it do?" ... It is 
thus essentially functional and behaviouristic" (ibid, p. 1). 
Beer (1985) completes the set by stating that: 
"Cybernetics is the science of effective organization" (ibid, p. ix). 
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From these extracts it can be shown that: 
The model satisfies Wiener's broad definition insofar as it suggests both 
practical and theoretical mechanisms that facilitate communication 
between the elements of which it is comprised, and that the purpose of 
this communication is the control of these elements to achieve 
organizational goals. 
The model satisfies Ashby's extended definition in that it defines the 
functional necessity of the elements subject to control. And makes 
explicit (through the autopoietic argument) that, at any given level of 
recursion, it is the outputs (i.e. apparent, to the controlling level, 
behaviour) of the controlled system that is of interest. 
The model satisfies Beer's definition by default, by being explicitly 
based upon, and obeying the principles of, the Viable System Model, 
which is Beer's definition of the functional elements necessary to 
"effective organization". 
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This demonstration is considered sufficient to support the claim for 'class 
membership' and, therefore to complete the analysis necessary to the 
answering of the research questions (see figure six). 
Model - Drives -
Hypothesis M Yes }-False 
I 
Evidence 
Model Satisfies 
Conditions of 
Definitions of Field 
Therefore: 
Application 
Within Body of 
Knowledge? 
Model is Cybernetical 
Thus, with the hypothesis: 
.... 
.... 
.. Successful? ... 
I 
J J Yes l 
I 
EVidence 
Acceptance by Client 
of database tool 
Acceptance by 
'Industry' Body of 
Management model 
Acceptance by 
'Standards Body' of 
Quality model for 
auditor training 
Figure 6: Proving the Hypothesis 
It is not possible to constroct an effective model of quality 
management that is applicable to service quality management "sinK 
cybernetic principles. 
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shown to be false, the answer to the fIrst research question, i.e. 
HIs it possible to construct an effective model oj quality management thaI is 
applicable to service quality management using cybernetic principles?" 
is "yes" and to the second, i.e.: 
"If so, what would it look like?". 
the answer is "One demonstrable possibility is the database (and 
the theoretical model on which it is based) presented here". 
Further Study 
In addition to the theoretical elements of the model (discussed above) 
which were either directly supported by the practical implementation, or 
so much an integral part of those elements that they could be regarded as 
supported by association, there are those which, whilst not proven false, 
could not be tested in practice. These are the "eigen-system", the Hmix 
vector" and the "hypersphere" model of environmental transfer. 
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Whilst all three are based in established bodies of theory and appear 
logically consistent the fact that they are (here) utilized outside their 
accepted area of relevance renders them conjectural. And, although they 
provided great illustrative value 13, the constraints of the case study and 
the fact that, although interesting in themselves, they were not key to the 
success of the implementation meant that they could not be fully dealt 
with in this project. 
Because of their mathematical nature, computer simulation is suggested 
as a more appropriate evaluation of these ideas. In this field, were they 
to be shown to be valid, there are obvious contributions they could make 
to the field of artificial intelligence or artificial life research. However 
such research requires specialist facilities. Simulation of such complex 
combinative systems requires significant computing power. And even 
'paper' representations of the models may require the development of a 
novel area of mathematics (one that allows vectors, as opposed to their 
scalar products, to be used as index values) in order to evaluate them 
fully. 
13 Note. in this respect. that the model they informed is interna/~v conJistent and was validated 
518 
Because of their mathematical nature, computer simulation is suggested 
as a more appropriate evaluation of these ideas. In this field, \\'ere they 
to be shown to be valid, there are obvious contributions they could make 
to the field of artificial intelligence or artificial life research. I lowe\ er 
such research requires specialist facilities. Simulation of such cotllpkx 
combinative systems requires significant computing power. And e\en 
'paper' representations of the models may require the dcveloptllent of a 
novel area of mathematics (one that allows vectors, as opposed to their 
scalar products, to be used as index values) in order to evaluate them 
fully. 
Although, in its pure form, this area of further study does not fall withlll 
the area of management research it could be expected to provide a tnore 
rigorous basis for the generalization of the model (and, therefore the 
beginnings of a theoretical link between diverse areas of st udy). 
Although here it is possible to return to the COInments of Parker and 
Stacey (1994) in that they: 
.•... might give us a deeper insight into how human organisations 
function ... [because] (v.)e can certainly do with all the ne\\ insights 
we can get, bearing in mind how difficult managers seem to tind it to 
design and sustain creative organisations ... ,. (ibid. pp 11/2. bracket..; 
added) 
~19 
, 
operation of a business, this project establishes a rigorous theoretical 
basis for "Quality Management" based on the notion of benefits accruing 
to the host organization. 
As a result of their being based on a development of the VSM, the 
outcomes of the project suggest a structure within which management 
decision making can be effectively undertaken, and which identifies both 
the types of decision made and the information necessary to make them. 
In a more particularistic mode, the project identifies the characteristics of 
quality management for professional service providers and suggests 
methods for both its assurance (i.e., skills-based quality management) 
and the improvement of the results of service delivery events. In this 
manner the model developed reduces the perceived complexity of the 
management task using cybernetic insights and information technology 
(i.e. software tools) designed using cybernetic principles. 
In addition to the direct contributions mentioned above, the development 
of the model can be expected to contribute to management research by 
defining a context for the undertaking of discipline specific research. 
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The two most obvious areas of which being a) the design, 
implementation and exploitation of information technology (in, for 
example, management information and/or decision support systems), and 
human resource management (in, for example, staff development and/or 
appraisal management). 
From a more abstract point of view the model suggested provides a 
formal integration of the notion of autopoiesis and the rubric of the VSM. 
Here the autopoietic imperative (i.e. the necessity for the organization or 
system to create itself) can be seen to be reflected in the necessity for the 
accrual of business benefits to drive systemic action. The advantage to 
using the VSM here derives from Beer's "system five" (which as he says 
" ... supplies the closure" of the system (1979, p. 261) thus providing a 
basis for the definition of systemic value. Thus business benefits can be 
viewed as those outcomes to action that satisfy some internally defined 
criteria of goodness. 
The model also explicitly develops the supplementary notion of the 
"product as waste product". This idea, that the output of any given 
system can usefully be viewed as those materials unused in the activity of 
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processing the inputs from its environment into itself derives directly 
, . 
from the idea of autopoiesis and is entirely consistent with Beer ~ s \iew of 
"viability". And provides a coherent framework for understanding the 
potential for multiple rationalities within an organization. This being 
because, at any given level of recursion, the system in focus has a 
rationality emphasizing the production of self whilst the next higher level 
operates a rationality emphasizing the management of its output (i.e. its 
waste product). 
The attempt to determine a method for managing the "product as waste 
product" lead to the interpretation of points of input across systemic 
boundaries. From that the formalization of the connexions between levels 
of recursion (particularly the identification of system three as the point of 
resource input and the classification of the environment into "aspirational 
and operational) was possible. This formalization can be used to inform 
two further areas of study: 
a) the construction of computer models of the VSM as, within this logic, 
it is possible to define a recursive programming object and, 
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operates a rationality emphasizing the management of ib OU(PIi/ (ie. It~ 
waste product). 
The attempt to determine a method for Inanaging the '''product as \\"aste 
product" lead to the interpretation of points of input across systenllC 
boundaries. From that the formalization of the connexions he/ween h~\·els 
of recursion (particularly the identification of system three as the point of 
resource input and the classification of the environment into "aspirational 
and operational) was possible. This fonnalization can be used to infonll 
two further areas of studv: 
a) the construction of computer models of the VSM as, within this logic. 
it is possible to define a recursive prograllltlling object in the manner 
of Object Oriented Programnling (see. e.g., Meyer, 1988)~ and. 
b ) b) identifying the advantage to be gained by a given system by being 
part of a wider embedding system, in that there are potential variety 
tnanagelnent (and therefore operational resource) gains to be made b~r 
not having to support the infrastructure neccssary to the managclncnt 
of a large .... aspirational" element in the environment scanning runct Ion 
of systeln fouf. 
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The model for assuring professional quality, presented in chapter eleven, 
makes explicit reference to the need for the ongoing legitinlation of the 
outputs of the organization. This is to say that it is not sufficient to 
professional quality to be merely technically competent in operation. 
There is also a need to be (in some way) appropriate in the choice and 
application of this technical operation. The determination of this 
appropriateness (i.e. its legitimacy) comes, necessarily, from the client 
constituency (narrowly the patients, and more widely the professional 
and legislative frameworks) within which the provider operates. Which 
is, according to the rubric of the VSM (and as was suggested in this 
project), captured by system four. 
The external determination of the legitimacy of the output of the system 
can, according to the principles presented in this document, be seen to be 
a functional prerequisite of the effective control of the system in focus. 
Note this passage from The Social Contract written in 1762: 
The passage from the state of nature to the civi I state produces a very 
remarkable change in man .,. Although, in this state, he deprives 
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himself of some advantages which he got from nature, he gains in 
return others so great ... that, did not the abuses of this condition often 
degrade him below that which he left, he would be bound to bless 
continually the happy moment that took him from it ... What a man 
loses by the social contract is his natural and an unlimited right to 
everything he tries to get and succeeds in getting: what he gains is 
civil liberty and the proprietorship of all he possesses ... natural 
liberty ... is bounded only by the strength of the individual, ... civil 
liberty ... is limited by the general will ... " (Rousseau, 1973, 195/6, 
italics added). 
The italicized section of this extract refers to the individual (system in our 
case) operating in society. Here it can be seen that membership of 
society (Rousseau's "civil state") requires the subjection of the unlimited 
freedom of the individual to acquire or possess through strength, to the 
'greater good' of the "general will". Thus the legitimation of individual 
(systemic) action is legalistically (conventionally) determined and 
thereby necessitates the existence of some mechanism (either positive or 
negative) for the communication and reception of the legitimating 
Inessage. And the inclusion of the "legitimation" element in the systeln 
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four function of the model presented in this report can be seen to fulfil 
this 15 • 
However, this line of argument assumes the legitimacy of the legitimating 
body. That is, it assumes that the legalistic determination of the "general 
will" is truly general 16. Thus there is a second element to the the 
legitimation of (systemic) action - that which concerns the system as 
society. 
A second reading of the extract from Rousseau can be given, stressing 
not the responsibilities incumbent upon the individual in return for the 
benefits of the civil state, but the responsibility of the state to maintain its 
legitimacy. Not right over might, but the rightness of right. Here 
Ulrich's (1981) critique and the concerns raised by Wiener (1950) and 
Beer (1994) become relevant. 
Here the problem is not the (external) legitimation of the output 
(representing the individual 'in society) but, to state the situation in the 
15 Note that independent (and contemporary) support for this general assertion can be found in a 
research project reported as Midgely, et at (1998). 
16 And of course, that thisgeneraJity is sufficient to legitimacy. 
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language of the VSM, the (internal) legitimation of the "3-4-5" 
homeostat (representing the values, and mechanisms of legitmation and 
enforcement, of society itself). This is problematical for the cybernetic 
model when applied in the social sphere because the social system is not 
subject (at a constitutive level) to the laws of physics or physical biology 
and therefore not, in the strict sense of the physical sciences, subject to 
". . . structural collapse . .. following a radical disruption of its ... 
constituent parts" (see chapter seven). 
This means that illegitimate acts on the part of those institutions in 
society that constitute the "3-4-5" homeostat, will not necessarily cause 
the collapse of society (as would be the case in the event of a similar 
physico-biological act) because, in principle, it is open to these 
institutions to legitimate and use coercive measures 17 to render the act 
possible. 
Where such an act is still perceived to be illegitimate the analogy of the 
"radical disruption of the parts" from the physical model is rebellion -
whether violent revolution, or civil or industrial action - with the aim of 
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disruption of normal operations. There is, although the state normally 
reserves the right to use force for itself, a history of such action, e.g. the 
English Civil War, the French and Bolshevik Revolutions, Gandhi's 
programme of civil disobedience, the Peace marches in 1960's America 
, 
etc. And the right to the withdrawal of labour is enshrined in (British at 
least) employment law. All such actions can, when viewed using the 
principles of the model in this report, be seen as volitional internal 
disruption in response to some perceived injustice (i.e. illegitimate act) 
on the part of a "3-4-5" homeostat. 
A second possibility within the rubric of this interpretation of the VSM is 
the utilization of an extension of the role of the "algedonic" channel. The 
extension is in the formal (i.e., contractual given that this is a social 
system) right of the individual (people, groups, etc.) members of the 
organization to raise matters of legitimacy outside the scope of their 
contractual obligations and capacities to produce as members of the 
organization, and, the formal obligation of the "3-4-5" homeostat 
(however constituted) to act upon the receipt of such notification. Thus 
creating an internal control. 
16 Note that this activit)' may include the delegilimation of the means to render such acts visible as 
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It is suggested that entities such as trades unions, works councils, and 
employee directors, and, in the extreme, general elections in 
representative democracies operate in (partial) steadl8 of this function. 
And, from the systems literature, Beer's (1994) "syntegration" model and 
Ulrich's (1981) "critically normative systems paradigm" can be seen to 
be devices intended (although in design rather than ongoing operation or 
learning mode) to fulfil this role. 
The possibility in prinCiple of such a mechanism allows for the assertion 
that some nascent "intrinsic motivation" is possible within the cybernetic 
model insofar as the primary purpose of the system is to produce itself. 
And , when taken in conjunction with the model of external legitimation 
possible to assert that the system is internally and externally motivated to 
modify its behaviour (i.e. treatment of members and output) in order to 
ensure survival19. Further investigation of the role of the legitimation 
function identified in this discussion can be expected to be of significant 
illegitimate. .. . 
18 Only the general election fulfils the function fully because of the constitutional (I.~ .. contractual) 
right to vote and the constitutional obligation to leave office on losing a genernl election. Note also 
that the election of directors by shareholders (that are nol as a body. wholly members of the 
organization) is excluded from this category. potentially raising interesting issues relating to the 
legitimate control of capital. 
19 Note that this survival can be modelled as being an outcome of the eigen function argument 
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benefit to management, rather than management science in isolation, 
research. 
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Appendix 1 
The Model of Self 
Code Treatment Dentist OHE Price 
Time Time 
(mills) (mills) 
NPI Initial New Patient Examination 30 0 39-00 
NP2 Complex Consultation 15 30 40-00 
EI Routine Dental Examination 10 0 25-00 
E2 Routine Exam with scaling or X-Ray 5 0 40-00 
DUE ORE visit 0 30 12-00 
XR Other Small X-Rays 5-00 
OPG OPG 15-00 
SP Scaling on separate appointment 15 0 25-00 
RPI Root planing (1 quadrant per visit) 15 0 35-00 
RP2 Root planing (2 quadrants per visit) 20 0 48-00 
MGI Mouth guard (soft splint) 15 15 35-00 
MG2 Mouth guard (bi -laminar) 15 15 55-00 
MG3 Mouth guard (Mitchigan type) 15x2 0 95-00 
AMI Small amalgam filling 15 0 30-00 
AM2 Medium amalgam filling 20 0 48-00 
AM3 Large amalgam filling 30 0 70-00 
AM+ Special difficulty or with pIns or 15 mins 0 25-00 
amalgam bonding extra 
TCI Small tooth coloured filling 15 0 32-00 
TC2 Medium tooth coloured filling 30 0 72-00 
TC3 Large tooth coloured filling 45 0 95-00 
TC+ Special difficulty tlcoloured filling 15 mins 0 25-00 
extra 
FS2 Fissure sealants (per pair) 15 0 30-00 
PRR Preventative resin restoration 15 0 32-00 
CI Crown (grade A) 75 millS 0 420-00 
and 
30 mins 
C2 Crown (grade B) 60 mins 0 320-00 
and 
30 mins 
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C3 Crown (grade C) 45 mins 0 195-00 
and 
15 mins 
C4 Crown for implant 90 mins 0 560-00 
and 
30 mins 
C5 Shade at laboratory 0 0 60-00 
PCl Lab made Post and Core Crown (A) 60mins 0 550-00 
and 
30 mins 
PC2 Lab made Post and Core Crown (B) 60 mins 0 370-00 
and 
30 mins 
PC3 Lab made Post and Core Crown (C) 45 mins 0 260-00 
and 
30 mins 
PC4 Direct Post and Core Crown (A) 45,60 0 550-00 
and 30 
mIns 
PC5 Direct Post and Core Crown (B) 30,60 0 370-00 
and 30 
mIns 
PC6 Direct Post and Core Crown (C) 30,45 0 260-00 
and 30 
. 
mIns 
Bl Bridge (per unit) grade A 90 and 0 300-00 
30 mins 
B2 Bridge (per unit) grade B 75 and 0 250-00 
30 mins 
-
B3 Bridge (per unit) grade C 60 and 0 225-00 
30 mins 
ADI Adhesive bridge (per unit) grade A 45 and 
15 mins 
0 275-00 
--
AD2 Adhesive bridge (per unit) grade B 45 and 0 225-00 
15 mins J 
Provisional bridge (per unit) 60-00 
I 
PRI 
I 
Fl Facebow and/or guidance table 15 0 90-00 - -
Veneer grade A 45 and 0 275-00 
, 
VI 
, 
:-
15 mins 
--
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V2 Veneer grade B 45 and 0 195-00 
15 mins 
RCTI Root treatment (1 canal) 15 and 0 125-00 
30 mins 
RCT2 Root treatment (2 canals) 30 and 0 165-00 
45 mins 
RCT3 Root treatment (3 or 4 canals) 45 and 0 215-00 
45 mins 
EXI Simple extraction 15 0 40-00 
EX2 Complex extraction 30 0 85-00 
API Apicectomy (1 root) 60 and 0 140-00 
5 mins 
AP2 Apicectomy (2 roots) 75 and 0 180-00 
5 mins 
01 Simple partial acrylic denture 15 and 0 195-00 
15 mins 
02 Complex partial acrylic denture 15, 30, 0 330-00 
15 and 
15 mins 
03 Full upper or lower acrylic denture 15,30, 0 350-00 
15 and 
15 mins 
04 Cobalt chrome precision metal denture 15, 30, 0 550-00 
30, and 
15 mins 
05 Full upper and lower acrylic denture 30, 45, 0 625-00 
30 and 
15 mins 
06 Laboratory reline 15 0 75-00 
07 Chairside reline 45 0 95-00 
08 Addition of tooth to denture IS and 0 75-00 
15 mins 
-
FBTI Fresh breath treatment 15 and 30 95-00 
15 mins 
TWI Tooth whitening (full mouth) 15x4 30 250-00 
PRI Relief of dental pain (surgery hours) 15-30 0 40-00 f--- ~ --
RA Relative analgesia (happy gas per visit) .t 5-00 
_ 190-00 EMI Emergency out of hours 
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Appendix 2 
Clinical Procedure -
Assessing the potential replacement 
of a simple amalgam 
Dental Nurse greets the Patient and guides hiln or her to the Tr~atmeJlt 
Room. Whilst greeting the Patient the nurse ass~sscs the Patients 
nervous state giving a warning if Jl~ccssar\' to the Dentist \\'hen 
performing the introduction. 
The Dentist greets the Patient observing his or her beha\'lour and 
silently confinning or rejecting the Nurses assessment. 
Once seated in the chair the Dentist ensures that the Patient is 
cOlnfortable and reclines the chair whilst the Dental Nurse prepares 
the Patient and retrieYes or opens the Clinical Notes. 
The Dentist undertakes a prelilninary SUf\'cy of the Patients teeth and 
glllns \\'hilst the Dental Nursc is reading the reccnt Ih'tes alc'lH.i to 
relnind the Dentist of thc planned trcatlncnt. 
The Dentist continually assesses a range of indicators from the Patient 
- breathing rate, skin colour (i.e. flushed, pale etc.) - whilst beginning 
the formal assessment of the subject tooth or teeth. 
Clinical diagnosis continues with a brief conversation between Dentist 
and Patient in which the Dentist attempts to evaluate any symptoms 
associated with the tooth, e.g. whether or not the tooth is sensitive to 
heat or cold, whether or not the tooth is causing any discomfort or 
pain, the age of the filling (if not already recorded in the clinical 
notes). 
The Dentist simultaneously assesses the 'Clinical Indicators'. This 
commences with a surface examination of the tooth looking for 
indications of caries, fracture or damage to the filling, poor margins 
(whether or not the filling is sufficiently wrinkled at the edges, 
whether it is inadequately wrinkled or too wrinkled). The Dentist 
examines the surrounding tooth seeking any damage to the tooth CllSp 
considering whether or not a crown may be a more appropriate 
treatment. He or she will seek to ensure that the condition of the tooth 
will not cause damage or potential damage to other surrounding teeth 
and to ensure that there is no risk of dalnage or fracture through 
inadequate cuspal coverage. 
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Continuing the examination the Dentist will consider \"hether there is 
poor contact with other teeth, poor marginal ridges or overhangs" The 
Dentist will examine whether there is evidence of inadequate 
restoration of other teeth. He or she may at this point consider taking a 
radiograph of the subject and surrounding teeth in order to revcal 
whether or not there is other, currently hidden, dalllage or decay 
which should be considered in deciding on a course of treatment. 
The Dentist, having considered all of the abo\"e (including thc rc:-;ulh 
of any current and historical radiographs) will decide on a treatment. 
or range of treatlnents and recolnlnend a COllr~e of action to the 
Patient. 
The Patient \vill accept or reject the proposed COllr~e of treatnlL'nt 
\\'hereupon the Dentist having decided \VI L\ r to LId. \\'ill then 
consider HOW to pro\ide the treatlnent. 
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